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Multiprocessor 
based robotics 
controilers 
with integrated 
PLC; robot 
guidance and 
vision systems 
...that’s high 
technoiogy 
from AEG! 


AEG believes that 
industrial automation 
should be simple, reliable, 
flexible and easy to 
operate. Our technology 
has made that belief a 
reality with the R-500 
programmable robot 
controller. 

The R-500 is a modular, 
distributive, multiprocessor 
based system which 
provides high speed 
computing power while 
remaining completely user 
friendly through its English 
text programming. The 
design includes linear and 
rotational motion control, 
vision systems interfaces 
and communications 
capabilities such as LAN, 
MAP and others. 

This system provides a 
built-in Integrated 
programmable logic 
controller (PLC) which 
eliminates the need for 
separate PCs and 
effectively provides total 
control of the workcell. 


Our industrial vision 
system operates much like 
the human eye in that the 
camera is the functional 
equivalent of that organ 
which “sees” products on 
the line in gray-scale. 
Pre-processing Is handled 
by the electronic Interface 
while the vision controller, 
which is high speed 
multiprocessor based, 
performs the decision 
making processes. AEG 
firmware supports 
applications such as part 
recognition, inspection 
tasks and robot guidance. 
AEG Is a worldwide source 
for technological 
innovation In areas which 
include not only robotics 
but, Information systems, 
satellites, solar power, 
electronic packaging, 
power semiconductors, 
technical tubes and office 
systems. 


For more information on 
our vision system and prog- 
rammable robot controllers 
contact our Detroit office: 

AEG Corporation 

1 71 77 North Laurel Park 

Drive 

Livonia, Ml 48152 
(313) 591-2233. 

For more information on 
our other high technology 
products contact our 
corporate headquarters: 

AEG Corporation 
Route 22-Orr Drive 
PC Box 3800 
Somerville, NJ 08876-1269 
or call (201)722-9800. 


AEG 
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Editorial 


The Vision Option 

BY CARL HELMERS 


We are to a great extent visually oriented be- 
ings; sight— and hearing— are popularly thought 
of as our most precious senses. The blind poet 
Milton and the deaf composer Beethoven both 
testified to this. Human vision is so complex a 
process that the use of machine vision in the serv- 


ice of automated engineering systems is just begin- 
ning. The technology is still very new, and major 
breakthroughs in this demanding field have been 
infrequent. Compared to sciences such as genetics 
and aeronautics, machine vision is only beginning 
to emerge from the Dark Ages. In this issue of 


Robotics Engineering appear several approaches 
to machine vision systems and their applications. 
Readers will also find in this issue a special sup- 
plement presenting the basics of what machine 
vision is, assessments by some of the industry 
leaders of the technology’s present and future 
status, and a look at some real-world applications 
of the technology. Automated vision can, even at 
its present stage of development, provide more 
consistent and reliable information on an assembly 
fabrication or inspection line than could a human 
eye/brain endeavor. 

The decision to buy and install a vision system 
or subsystem should be preceded by a careful 
analysis of the goals, the available capabilities of 
off-the-shelf modules, and the engineering trade- 
offs expected. Not every need to sense an environ- 
ment or a condition requires or is best served by 
the specialized capabilities of machine vision. 

A vision system is inappropriate for a simple 
presence/absence determination of parts moving 
along the line of a conveyor belt, whether loaded 
manually or automatically. Such parts location 
might be better addressed by interruptive or reflec- 
tive photosensors, proximity detectors, or even 
mechanical switches. A presence/absence detec- 
tor might be used to cue the analysis process of 
the more elaborate vision systems that could then 
properly be used to extract more extensive two- 
or three-dimensional information about the part 
in the field of view. This more extensive analysis 
is the realm of vision systems and associated pat- 
tern recognition abilities. 

The goals of vision system integration in the 
production environment are very application 
specific. One goal is to recognize objects in a pro- 
duction process. This identification procedure 
analyzes the image obtained and compares its 
characteristics to those stored in a pre-established 
database. One of the simplest implementations of 
identification is looking at a tag or label and 
reading the one- (bar code) or two- (OCR) dimen- 
sional character information on that tag. 

The goal of inspection— verifying two- and three- 
dimensional characteristics— is an improvement 
in quality control. The message received by the 
system may be used to accept or reject an object 
and route it to the appropriate location. In more 
complex applications, the vision system may give 
manipulation parameters and approach trajec- 
tories to a robotic arm engineered to grasp the 
object. Other specialized applications include weld 
seam tracking and guidance techniques. 

As with all adaptations and uses of new tech- 
nology, the effective application of vision requires 
a great deal of understanding. Many potential vi- 
sion applications demand custom engineering and 
are still too expensive to be practical. Vision tech- 
nology is advancing and holds great promise, but 
the benefits and drawbacks of the vision option 
must be carefully considered. ■ 



SLASH ROBOT 
DOWNTIME TODAY 

New! Robotic 
UNI-COUPLER- Safety Joint 

The UNI-COUPLER safety joint Is a permanent coupling. It is 
designed to eliminate breakaway joints between robotic hand and 
arm— to stop the robot when the hand encounters overload— to 
accept 15® continued motion— to automatically reset when the 
obstruction Is removed. 

It gets the robot moving again . . . without reprogramming or 
insertion of new breakaway joints. The “trip-load” feature is infinitely 
variable from whisper soft to maximum setting of the UNI-COUPLER* 
safety joint employed. Many other features! 

Call or write to solve your robotic-downtime problems. Minutes to 
install on old robots or new. 

ROBOTIC MCESSORES 

4191 US Route 40 Tipp City, OH 45371 
Telephone: (513) 667-5705 Telex: 288022 
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Calendar 


JUNE 

2-5. VISION ‘86. Cobo Hall, 
Detroit, MI. Contact: VISION ‘86 
Public Relations, Society of Manu- 
facturing Engineers, One SME Dr., 
PO Box 930, Dearborn, MI 48121, 
telephone (313) 271-0777. 

4- 6. ROBEXS ‘86. Gilruth Rec- 
reation Center, NASA/Johnson 
Space Center, Houston, TX. Con- 
tact: Instrument Society of Amer- 
ica, 67 Alexander Dr., PO Box 
12277, Research Triangle Park, 
NC 27709, telephone (919) 
549-8411. 

5- 6. Second Annual Workshop 
on Robotics and Expert Systems/ 
ROBEXS'86. Gilruth Center 
NASA/Johnson Space Center, 
Houston, TX. Contact: Deborah A. 
Poor, Instrument Society of 
America, 67 Alexander Dr., PO 
Box 12277, Research Triangle 
Park, NC 27709, telephone (919) 
549-8411. 

8- 10. AI in an IBM World. 
Westin Hotel, Stamford, CT. Con- 
tact: New Science Associates, 46 
Hunt Terrace, Greenwich, CT 
06831, telephone (203) 531-0050. 

9- 14. Advanced Problems in 
Equipment Maintenance. Bowling 
Green State University, Bowling 
Green, OH. Contact: Dr. Richard 
A. Kruppa, Director, College of 


Technology, Bowling Green State 
University, Bowling Green, OH 
43403, telephone (419) 372-2439. 

15- 21. Engineering Update Series 
in Electro-Optics. Tufts Universi- 
ty, Medford, MA. Contact: Tufts/ 
SPIE, Continuing Education, Tufts 
University, 112 Packard Ave., Med- 
ford, MA 02155, telephone (617) 
381-3562 (registration), (617) 
381-3136 (technical information). 

16- 20. Teaching Introduction to 
Robotics and Work Cell Program- 
ming Courses. Conference Center, 
Piedmont Technical College, 
Greenwood, SC. Contact: Bobbie 
Peterson, Continuing Education 
Division, Piedmont Technical Col- 
lege, Emerald Rd., PO Drawer 
1467, Greenwood, SC 29648, 
telephone (803) 223-8357, ext. 
342. (To be repeated 7-11 July, 
14-18 July, and 11-15 August). 

17- 18. Robotic End Effectors: 
Design and Applications. Detroit, 
MI. Contact: Diane M. Korona, 
Program Administrator, Special 
Programs Division, Robotics Inter- 
national of SME, One SME Dr., 
PO Box 930, Dearborn, MI 48121, 
telephone (313) 271-0039. 

23-26. Automatic Test Equip- 
ment Conference and Exposition. 
Boston, MA. Contact: Technical 
Activities Department, Society of 
Manufacturing Engineers, One SME 


Dr., PO Box 930, Dearborn, MI 
48121, telephone (313) 271-1080. 

23- 27. Robot Design and Con- 
trol. Massachusetts Institute of 
Technology, Cambridge, MA. Con- 
tact: Office of the Summer Session, 
Room E19-356, Massachusetts In- 
stitute of Technology, Cambridge, 
MA 02139, telephone (617) 
253-2101. 

24- 26. Advanced Manufacturing 
Systems. McCormick Place, 
Chicago, IL. Contact: Cahners Ex- 
position Group, 1350 E. Touhy 
Ave., PO Box 5060, Des Plaines, 
IL 60017-5060, telephone (312) 
299-9311. 

25- 27. Twin Cities Tool & Manu- 
facturing Engineering Conference 
and Exposition. St. Paul Civic 
Center Arena, St. Paul, MN. Con- 
tact: Public Relations Department, 
Society of Manufacturing Engi- 
neers, One SME Dr., Dearborn, MI 
48121, telephone (313) 271-0777. 

25-28. CAD and Robotics in Ar- 
chitecture and Construction. Con- 
tact: Viviane Bemadac, Interna- 
tional Institute of Robotics and Ar- 
tificial Intelligence of Marseille/ 
CMCI, 2, Rue Henri Barbusse, 
13241 Marseille CEDEX 1, France, 
telephone (91) 91.36.72. 

27. Flexible Manufacturing Sys- 
tems Workcell Workshop. St. Paul 


Civic Center, St. Paul, MN. Con- 
tact: Society of Manufacturing 
Engineers, Technical Activities 
Dept., PO Box 930, One SME Dr., 
Dearborn, MI 48121, telephone 
(313) 271-1080. 

29-2 July. 23rd ACM/IEEE De- 
sign Automation Conference. Las 
Vegas Hilton, Las Vegas, NV. Con- 
tact: 23rd Design Automation Con- 
ference, 7366 Old Mill Trail, 
Boulder, CO 80301, telephone 
(303) 5304333. 


JULY 

14-18. Computer Vision and Im- 
age Processing. Chrysler Center 
for Continuing Engineering Educa- 
tion, University of Michigan, Ann 
Arbor, MI. Contact: Engineering 
Summer Conferences, 200 Chrysler 
Center— North Campus, the 

University of Michigan, Ann Arbor, 
MI 48109, telephone (313) 
764-8490. 


AUGUST 

11-13. Third International Ro- 
botic Systems Education and 
Training Conference. Plymouth 
Hilton Inn, Plymouth, MI. Contact: 
Mary Dombrowski, SME Special 
Programs Division, Society of 
Manufacturing Engineers, One 
SME Dr., PO Box 930, Dearborn, 
MI 48121, telephone (313) 
271-1500, ext. 392. 


Letters 


The article on Karel fRobotics Age, 
September 1985) incorrectly identifies AML 
as a 'iirst-generation'' robot language, char- 
acterized by '^simple control structures,*' 'In- 
teger arithmetic,” and other limitations. 

In fact, AML had complete control struc- 
tures (IF.THEN.ELSE, WHILE.DO, RE- 
PEAT. UNTIL, BRANCH), varied data types 
with full arithmetic support, user interrupt 
handling, process control support, full I/O, 
and secondary storage. These features ex- 
isted in experimental versions of AML as 
early as 1978, were applied inside IBM's 
manufacturing plants that year, were test 


marketed in 1981, and were announced in 
1982. 

Even more advanced experimental work 
on AML has been reported in numerous tech- 
nical articles, including its enhancement for 
vision applications, dating back to about 
1980. The latest experimental version of 
AML includes features for both conventional 
and object-oriented programming. Re- 
searchers are exploring its use for robotics, 
vision, numerical control machining, work- 
station control, and even computer aided de- 
sign. This system is implemented in C and 
has been ported to IBM-370, Motorola 


68000, and IBM PC hardware, running 
under CMS, XENIX (trademark of Microsoft), 
UNIX (trademark of AT&T), and DOS. 

If one is counting language generations, 
then this version of AML should probably 
be considered the world's first third- 
generation robot language. 

David D. Grossman 
Technical Advisor 
IBM Manufacturing Research 
Thomas J. Watson Research Center 
PO Box 218 
Yorktown Heights, NY 10598 
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Practical Optics for 
Machine Vision Systems 

J.L. Doty, Ph.D. 

Newport Corporation 
18235 Mt. Baldy Circle 
PO Box 8020 

Fountain Valley, CA 92728-8020 


A proper understanding of the characteris- 
tics and limitations of lenses, which are the 
most critical optical components of a 
machine vision system, can often produce 
dramatic improvements in system perform- 
ance. 

Imaging is the most obvious application. 
Here, the object under test is mapped 
point by point onto the active area of the 
camera. In a white light illumination 
source, on the other hand, condensing 
lenses determine the amount of radiation 
collected from the filament, and the unifor- 
mity with which it is projected. Structured 
light sources use lenses to shape the 
characteristics of the projected pattern 
down to the microscopic level. 

All three applications are best 
understood as imaging applications, for 
even when collecting radiation from a 
white light filament the question that must 
be answered is where to place the image 
of the filament. If the engineer always 
chooses to collimate or place the image 
at infinity, the results can be far less than 
optimum. 


IDEAL GEOMETRIC IMAGING 

Consider the simplified illustration of the 
object-lens-image relationship as shown in 
Figure 1, where the object is modeled as 
an infinite number of infinitesimal point 
sources, each of which uniformly radiates 
light rays through a hemisphere. The pur- 
pose of the imaging lens is to collect a 


diverging cone of rays defined by the aper- 
ture of the lens (a subset of that hemi- 
sphere of radiation) from each point in the 
object plane and bend them so that they 
converge back to a point in the image 
plane. The positions of the target and im- 
age planes are related through the classic 
lens equations: 

-I + ± = X (1) 

L L' F 
and 



where F is the focal length of the lens, and 
M is the object-to-image magnification. 

Each object point is thus mapped to a 
corresponding image point, and the object 
is almost completely reconstructed there. 
However, even if the lens produces a per- 


OBJECT 



fectly accurate mapping, there is one 
significant difference between the object 
and the image: each point in the image 
plane does not reradiate through an en- 
tire hemisphere, but instead radiates only 
through the cone defined by the aperture 
of the lens. (For a glossary of terms, see 
sidebar on page 6.) 


APERTURES 

Lens apertures are commonly disregard- 
ed, perhaps because they are often implicit 
in the outer diameter of the lens itself But 
if the lens aperture, and prior or subse- 
quent images of that aperture, are not 
taken into account when laying out an op- 
tical system, severe difficulties can arise. 
For example, in the lens system shown in 
Figure 2a, three lenses are used to suc- 
cessively relay an image; the image from 
the first lens is used as the object for the 
second lens, and the image from the sec- 


LENS (F) 



Figure 1. With an imaging lens, an object is modeled as an infinite number of infinitesimal point sources, 
each of which uniformly radiates light rays through a hemisphere. 


4 ROBOTICS ENGINEERING June 1986 



Photo 1. In this system, a single exterior lens is used to relay an image into 
the objective of a 35mm camera. The omission of a field lens produces an in- 
tensity drop-off so severe that the outer portions of the image are completely 
truncated and some of the relay lens mount is visible. 



Photo 2. The system is the same as that shown in Photo 1, except for the in- 
clusion of a field lens that more than triples the available field of view. 



Figure 2a. In an improperly designed relay system, the cone of rays the first 
lens provides for the second lens is not directed toward the center of that lens, 
and the cone is more and more truncated for each successive lens. The final 
image suffers from a severe drop-off in intensity for off-axis object points. 



FIELD LENSES AND 
INTERMEDIATE IMAGES 


Figure 2b. One solution to the relay lens problem of Figure 2a is to place a 
field lens at each intermediate image. 


ond as the object for the third. The shaded 
area indicates the cone of rays each lens 
accepts for an off-axis target point, and 
since any target point radiates through a 
hemisphere, the aperture of the first lens 
is completely filled. However, the center 
of the cone of rays the first lens provides 
for the second is not directed toward the 
center of the lens, and the cone for that 
target point is truncated, and then further 
truncated at each successive lens that 
might be part of such a system, resulting 
in a final image that exhibits a severe drop- 
off in intensity for off-axis target points 
(Photo 1). 

The solution to the relay lens problem 
is to place a field lens at each of the in- 
termediate images, as in Figure 2b. Since 
each field lens is located directly on top 
of an object image (L=0) it has no effect 
there (L' = 0 and M = 1). Its single pur- 
pose is to bend the central ray of the cone 
of rays emerging from the target point so 
that it always passes through the center of 
the next relay lens, i.e., it images the aper- 


ture of one relay lend onto the aperture 
of the next (Photo 2). 

The user should remember that for the 
object, the object image, and each in- 
termediate object image, there is always an 
associated aperture image— there should 
be only one physical aperture in any sys- 
tem— that defines the cone of rays through 
which any point in each object image will 
radiate. Each object image and its as- 
sociated aperture images are sufficient to 
define fully the radiating characteristics of 
that image space. The system shown in 
Figure 2b works because care has been 
taken to ensure that not only are the ob- 
ject images relayed, but that each aperture 
image is also relayed to the next image 
space. 

Figure 3 is identical to Figure 1, with 
the exception that the aperture stop is a 
physical aperture placed between the ob- 
ject and the lens. Here the aperture stop 
and the entrance pupil are one and the 
same, and the refracting surfaces of the 
lens form an image of the stop in addition 


to an image of the object. This stop im- 
age is the exit pupil; it defines the limits 
of the cone of rays for each object image 
point, and its position and magnification 
can be computed by substituting and 
L'^ in place of L and L' in Equations 1 
and 2. 


DIFFRACTION 

Diffraction is fundamental to the prop- 
agation of electromagnetic radiation, and 
results in a characteristic spreading of 
energy beyond the bounds predicted by a 
simple geometric imaging model. It is most 
readily apparent at the microscopic level 
when the size of the optical distribution 
is on the order of the wavelength of light 
(for instance, near a focused spot), and can 
often be ignored for larger distributions. 

For imaging, this means the light col- 
lected from a single point in the object is 
focused to a finite, rather than an in- 
finitesimal, spot in the image. If the radia- 
tion from the object point fills the lens 
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aperture uniformly, and the lens aperture 
is circular and unobstructed, the resultant 
spot distribution will appear as a bright 
central disk surrounded by concentric 
rings. According to the wave theory of 
light, the central disk contains 83.8 per- 
cent of the total energy in the spot distribu- 
tion, and has a diameter of 


where 

Dg is the diameter of the spot; 

A is the wavelength; 

V is the distance from the exit pupil to 
the image; and 

D is the diameter of the exit pupil. 


"Lens design is the 
science— and often art— 
of balancing positive and 
negative contributions 
from multiple surfaces 
and elements...” 


The most immediate effect of diffraction 
is to limit the information bandwidth of the 
system. In the target image, diffraction will 
cause adjacent points to blur together and 
therefore be unresolved, one from the 
other. To be resolved, the centers of irn- 


Selected Glossary of Optics Terminology 

The following is an abbreviated list of important terms to consider when select- 
ing, specifying, or using a lens: 

Effective focal length (EFL): The fundamental measure of the imaging power 
of the lens, and the parameter used for F in Equation 1. 

Front and back focal lengths (FFL or BFL): The physical distances from the 
outermost element (or edge of the lens barrel) to the focal points on the front 
and back of the lens. They might be more appropriately called working distances, 
since they are not the focal length that determines the imaging power of the lens. 

F-number (F/No.): The ratio of the focal length to the aperture diameter of 
the lens. On most commercial lenses it is the F/No. that is listed on the aperture 
adjustment, not the actual aperture diameter. 

Field of view: The maximum target diameter within which geometric aberra- 
tions have been properly corrected. The field of view can also be defined in im- 
age space, such as the active area of a camera tube, or, as the term is used in 
astronomy, it can be defined by means of the maximum apparent angle of a dis- 
tant object. 

Aperture stop: The physical aperture that limits the cone of rays accepted 
by the lens. In practice, to prevent scattering and reduced image contrast, the 
edges of the glass within the lens should never be allowed to define the aperture 
of the system. There should be only one physical aperture in any system and 
its edges should be distinct and well-defined. The purist will prefer a knife-edge, 
but in all but the most extreme circumstances a thin, unrounded aperture edge 
will do nicely. All other surfaces should be enlarged enough to pass the cones 
of rays defined by the aperture stop. 

Entrance pupil: The image of the stop (assuming the aperture stop is buried 
within the lens) on the entrance side of the lens. If the stop is in fact located 
on the entrance side of the lens, then the aperture stop and the entrance pupil 
are one and the same. 

Exit pupil: Identical to the entrance pupil, but on the exit side of the lens. 

Paraxial: Paraxial ray trace equations are derived from the mathematical limit 
as all ray angles and positions approach zero relative to the optic axis. Also 
referred to as '‘first order optics,” they are essentially the first term in a series 
expansion, and they represent the ideal, linear lens. 


age spots must be separated by approxi- 
mately 

_2s. 
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ABERRATIONS 

The imaging characteristics just described 
are for the ideal case of a perfectly 
corrected lens. No lens is perfect, however, 
and even a perfectly fabricated spherical 
surface will not redirect the cone of rays 
from a target point back to an infinitesimal 
point in the image. Simple geometric 
theory predicts that the rays will miss the 
perfect point by a finite error referred to 
as the geometric aberration of the lens. 
The result is a slightly blurred or reposi- 
tioned spot. 

Lens design is the science— and often 
art— of balancing positive and negative 
contributions from multiple surfaces and 
elements to minimize that error. When the 
designer achieves a configuration in which 
the contribution of the geometric aberra- 
tions to the spot blur is far less than that 
of diffraction, the lens is referred to as dif- 
fraction limited. 

Chromatic aberration, which arises 
because the index of refraction of glass, 
and hence the focal length of a lens, varies 
with the wavelength of light. Chromatic ef- 
fects are a problem only in lenses that must 
pass a broad spectral band of optical radia- 
tion (white light), producing, in effect, an 
image that is separated into planes of 
distinct color; in any given plane, all col- 
ors but one are out of focus. 

An achromat is a two-element lens in 
which two dissimilar glasses are used to 
match the focal length at two wavelengths 
(red and blue). An achromatized lens will 
usually perform well throughout the visi- 
ble portion of the spectrum. It is not un- 
common for an achromatized lens to work 
properly in the near-infrared as well, al- 
though it is usually too much to ask it to 
operate simultaneously throughout the 
visible and the near-infrared. If near-in- 
frared performance is desired, the blue and 
green portions of the spectrum should be 
blocked. 

Monochromatic aberrations arise even 
in narrowband radiation, such as lasers, 
and can be grouped in terms of function. 

• Category 1 includes those that spread 
or blur the image spot, producing a 
loss of definition or sharpness in the 
image, and 
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• Category 2 includes those that mere- 
ly shift the mean position of the spot, 
distorting the shape of the image but 
not limiting the information contained 
within it. 

Spherical aberration, coma, and 
astigmatism fall into the first category. 
When combined with the effects of diffrac- 
tion, they limit the transverse resolution 
of the lens. Spherical aberration is an op- 
tical defect of refracting and reflecting 
spherical surfaces in which light rays from 
one axial point, incident on the surface at 
different distances from the optical axis, 
do not come to a common focus; coma is 
a diffuse pear-shaped image of a point 
source; and astigmatism refers to a refrac- 
tive defect of a lens that prevents focus- 
ing of sharp, distinct images. As one opens 
the aperture of a lens, these aberrations 
all increase steadily, while, as per Equa- 
tion 3, diffraction effects decrease, and in 
most lens designs the highest resolution 
is achieved at two or three stop positions 
short of the widest aperture. 

Curvature of field produces an image 
plane of best focus that is literally curved, 
resulting in an image that might be sharply 
focused at the center but progressively 
blurred near the edges. Technically, cur- 
vature of field is a longitudinal shift in the 
spot position and is classified as a Category 
2 aberration, but since it results in defocus 
in portions of the field of view, its effects 
more resemble those of Category 1. 

Distortion is nonlinearity in the trans- 
verse mapping from the target plane to the 
image plane, and its effects are strictly 
those of Category 2. In television lenses 
and other systems tailored for human view- 
ing it is usually assumed at the design stage 
that distortion (the fisheye effect) is less 
detrimental than blurring and defocus, and 
distortion criteria are often relaxed. For- 
tunately, geometric calibration grids can 
be used to map such distortions, and com- 
pensation can be achieved in the system 
software. 


J.L. Doty, who holds a Ph.D. in electrical engineer- 
ing. is Product Line Manager at Newport Corporation. 
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Figure 3. Similar in most respects to Figure 1, in this arrangement the aperture stop is a physical aperture 
placed between the object and the lens. With the aperture stop and the entrance pupil one cind the same, 
the refracting surfaces of the lens form an image of the stop as well as an image of the object. 
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Optical Seam Trackers: 
Tough Requirements 
for Design and 
Laser Safety 


One of the hottest competitions in the 
robotics industry today exists in the area 
of seam trackers for welding robots. It is 
an accepted fact that robots can weld 
much faster and more consistently than 
human welders. Once the exact path and 
welding parameters are programmed into 
the robot controller, the robot can repeat 
the operation night and day for months at 
a time. 

In fact, a robot could make perfect welds 
for months and months were it not for 
another accepted fact: parts vary. The 
parts being welded vary slightly in shape 
because tools wear, spring-back varies with 
batches of material, parts are accidentally 
dented, assemblies are not always aligned 
perfectly in the fixture, and warpage dur- 
ing welding is not consistent. 

To achieve maximum quality and effi- 
ciency, the robot should be able to find 
and follow the actual seam location in real 
time on every part. The accurate and 
reliable achievement of this goal took years 
to perfect, and with it brought on a new 
consideration in the welding industry- 
laser safety. 


SEAM TRACKING 
SENSOR TECHNOLOGY 

Although the largest installed base for 
seam tracking is through-the-arc sensors, 
the market is shifting rapidly toward op- 
tical sensors. Optical sensors operate at 


Bradley S. Thomas 

General Electric Company 
Robotics and Vision Systems Department 
PO Box 17500 
Orlando. FL 32860-7500 

higher speeds and can track into the arc- 
on point. The concept is simple: look at 
the surface of the part directly in front of 
the torch, locate the geometry that has 
been predefined as the joint to be weld- 
ed, and direct the robot’s path along it. 
(The feature extraction and tracking con- 
trol algorithms will not be discussed here 
because “it’s only software.”) 

The problem lies in forming a usable im- 
age of the joint on varying surfaces within 
an inch of a MIG welding arc. Imagine 
looking at a surface that ranges from shiny 
new steel to dull, rusty, or even black oxide 
finish and trying to locate a joint that may 
be the same size as the scratches left by 
the local delivery truck. Once you have 
mastered that, strike an arc 1 in. from that 
point with a 650 amp MIG welding power 
supply. You now have a light source that 
is brighter than the sun, containing all visi- 
ble and many invisible wavelengths, and 
being modulated at random frequencies. 
Add to that red hot spatter flying through 
the field of view and smoke billowing in 
all directions. The smoke not only con- 
taminates the optics but also scatters ad- 
ditional arc light toward the light detec- 
tor. Protecting the optics from spatter and 
smoke is relatively easy. Baffles, disposable 
windows, and cover gas can be designed 
to block any direct path to the optics. 
Finding the joint is another matter. 

Seeing the variety of surface finishes 
through the harsh lighting conditions of 


welding has been the major stumbling 
block in developing a factory ready optical 
seam tracker. The simplest system is just 
a camera that uses the arc light to locate 
a gap to be filled by welding. Arc illumi- 
nated camera imaging would be a fine sys- 
tem if the illumination did not vary too 
much (it does) and if tracking didn’t begin 
until after welding has begun (usually not 
true). 

The next step is to add structured light 
to the camera image to track independent- 
ly of the arc. Most seam trackers use a 
laser in order to distinguish the tracker’s 
light from the arc light. A laser produces 
coherent monochromatic light of extreme- 
ly high intensity. Even a low-power laser 
such as a 1 milliwatt continuous wave 
Helium-Neon (1 mW cw HeNe) produces 
light 130 times brighter than the sun in- 
cluding all of the sun’s wavelengths, or 
200,000 times brighter at the laser’s 
specific wavelength. Since the laser pro- 
duces only one wavelength of light, a spec- 
tral filter can be used to block all other 
wavelengths, thus isolating the sensor’s 
structured light pattern from the arc light. 
For example, a bandpass interference filter 
with a bandwidth of 1 nanometer will trans- 
mit 30 percent of the specified wavelength 
±0.5 nanometers and less than 0.0001 
percent at other wavelengths. Since the arc 
light is spread over the entire spectrum, 
the filter reduces the arc light transmitted 
by approximately 1000:1. 
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Photo 1. The arc produced by a 650 amp MIG welding power supply creates a light source that is brighter 
than the sun, containing all visible and many invisible wavelengths, and being modulated at random fre- 
quencies. Shown is a General Electric arc welding robot with laser-guided seam tracking capabilities. 


The use of a laser as the light source also 
produces a much more sharply focused im- 
age due to the total lack of chromatic aber- 
ration and the ideal condition of focusing 
a collimated Gaussian beam. The laser 
stripe or other pattern is often projected 
from an angle with respect to the line of 
sight of the objective to provide triangula- 
tion data used to calculate the height pro- 
file of the joint. This approach is required 
because the joint geometry is usually not 
a simple gap but a three-dimensional over- 
lapping of parts where a certain inside or 
outside comer is to be welded. According- 
ly, the requirement for laser power is in- 
creased because only diffuse reflection 
reaches the objective; any specular reflec- 
tion goes on past the objective. 

The use of structured light from a laser 
with a camera to locate the joint is a com- 
mon technique in the industry, and it 
represents a major improvement over sim- 
ple cameras. It does, however, have draw- 
backs. Bandpass filtering to reject the arc 
from the image has a definite limit, and 
surface reflectivity varies greatly. A solid- 
state camera looking at a stripe of laser 
light on the part is also looking at one to 
two square inches of arc light, which may 
result in the collection of enough light in 
the field of view to blind the sensor. One 
solution is to move away from the arc, 
since intensity decreases at l/distance^, but 
then tracking accuracy is decreased. A sec- 
ond option is to add more laser power to 
overcome the increasing arc light. 

A similar problem exists in the variation 


in surface reflectivity. A perfect surface to 
track would be white paper, which pro- 
duces a uniform bright reflection over a 
wide viewing angle. Looking at metal is not 
that easy. Shiny steel angled away from the 
detector or dark surfaces like black oxide 
steel might return 1 percent of the white 
paper light level, and shiny steel angled for 
specular reflection might return 1000 per- 
cent of the white paper light level. Again, 
the laser power is increased to be able to 
see surfaces causing a low return. With the 
laser power sufficient to see a shiny sur- 
face angled away from the detector, the in- 
troduction of a sandblasted surface or 
changing the part angle to cause specular 
reflection will completely blind the camera. 
Automatic gain controls are useless in this 
application because they adjust the gain 
of the whole frame and these variations 
usually occur within a frame. Some of the 
present camera-based systems project 5 to 
40 m W of laser power to overcome the arc 
and surface variations. This power level 
raises concerns over eye safety and pro- 
tection. 

More recent developments in optical 
seam trackers include special tricks that 
improve the image without increasing laser 
power. Some products project a small 
scanned pattern instead of a large fixed 
pattern in order to increase power densi- 
ty while reducing the total power level. 
Decreasing the field of view reduces the 
amount of arc light that must be overcome. 
Special detectors are being developed for 
lower light levels and more dynamic range. 


Another complication that has been over- 
come by a few seam trackers is multiple 
reflections. The structured light pattern 
reflects around inside the joint and pro- 
duces false images. The optics need to 
block secondary reflections and pass only 
the original laser pattern. Even though 
these improved sensors have greatly re- 
duced laser power (as low as 0.95 mW 
total radiated power), laser products can 
be dangerous if improperly designed or 
misused. 


LASER SAFETY 

The laser is a misunderstood and often 
feared device in industry. It has the power 
to blind, it can burn through steel, or it 
can be just a bright monochromatic light. 
The danger of a specific laser depends on 
the wavelength, exposure duration, and 
power level. For example, the CO 2 and the 
NdiYAG lasers are commonly used in the 
cutting and welding industry. If two such 
lasers are focused through a 5 in. focal 
length lens for cutting, the beams would 
diverge beyond the focal point. Since the 
power density decreases with distance, 
each laser will have a distance at which the 
beam no longer presents an eye hazard. 
According to R. James Rockwell Jr. in his 
article “Ensuring Safety in Laser 
Robotics,” a 1000 W cw CO 2 laser should 
be a minimal hazard beyond 18.5 ft but 
a 300 W cw Nd:YAG would constitute a 
hazard at distances less than 213 ft. The 
reason for this is the CO 2 wavelength 
does not penetrate the cornea of the eye; 
the only danger is that of tissue damage. 
The Nd:YAG is focused on the retina of 
the eye and is invisible; therefore, the eye’s 
natural aversion reaction to bright light 
does not come into play, and eye damage 
can easily occur. 

There are two governing organizations 
for laser safety: one for safe working en- 
vironments and the other for safe prod- 
ucts. The Occupational Safety and Health 
Administration (OSHA) controls the safe 
exposure level in the work place. The 
Center for Devices and Radiological 
Health (CDRH), a part of the United States 
Food and Drug Administration, controls 
power level classification and safety 
features of laser products. Its regulations 
are the Code of Federal Regulations, Title 
21, Part 1040, “Performance Standards 
for Light-Emitting Products” (21 CFR 
1040). Since both organizations agree on 
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Table 1 

Classification and Safety Requirements for Visible and Near-IR Lasers 


Class and 

Maximum Power and 

Selected Safety Features 

Wavelength 

Potential Damage 

(summarized from 21 CFR 1040) 

AH Classes 

n/a 

Certification label 
Protective housing 

Class 1 

<0.0004 mW cw 

No additional requirements 

Visible 

<0.0000004 J pulsed 


and near-IR 
(400-1400 nm) 

Minimal hazard 


Class II 

<1mW cw 

“CAUTION” warning logotype 


<0.001 J pulsed 

Aperture label 

Visible only 

Eye hazard if viewed 

Visual or audible warning 

(400-710 nm) 

for extended period 

Beam attenuator 

Class Ilia 

1-5 mW cw 



when <2.5 mW/cm^ 

“DANGER” warning logotype 


Not pulsed 

Aperture label 

Visible only 


Visual or audible warning 

(400-710 nm) 

Eye hazard if viewed 

Beam attenuator 


for >0.25 sec. 


Class Illb 

5-500 mW cw 

“DANGER” warning logotype 

<10 J/cm2 pulsed 

Aperture label 

Visual or audible warning with 


Visible 


delayed emission 

and near-IR 

Immediate eye hazard 

Keyswitch retained in ON position 

(400-1400 nm) 

Potential skin hazard 

Remote control connector 
Beam attenuator 


>500 mW cw 

“DANGER” warning logotype 

Class IV 

>10 J/cm2 pulsed 

Aperture label 

Visual or audible warning with 



delayed emission 

Visible 


Keyswitch retained in ON position 

and near-IR 

Immediate eye hazard 

Remote control connector 

(400-1400 nm) 

Immediate skin hazard 

Beam attenuator 

Potential fire hazard 

Manual reset after power interruption 


the definitions of laser safety classifications 
and the required safety features for prod- 
ucts, and since OSHA enforces workplace 
safety, which is the buyer’s duty, we will 


concentrate here on product safety as 
defined in 21 CFR 1040. 

Classes of Lasers. Existing optical seam 


lasa^ulil&l 
Joint necking 


General Electric's MIG TRAIf'-'^ joint 
tracking system, designed for robotic 
MIG welding, enables the robot to 
simultaneously track and weld at speeds 
of up to 100 inJmin. 

System components include a low- 
power (less than 1 mW) HeNe laser; a 
sensor that travels with the torch and 
modifies the programmed path in real 
time, making for one-pass operations; 
and a proprietary optical system that 
images the laser light on the weld joint 
being tracked. Reflected laser light is 
funneled through a fiber-optic bundle to 
intelligent image-processing circuits that 
translate the visual data into directional 
commands that guide the robot along 
the joint. 

MIG TRAK can weld parts with dull, 
shiny, rusty, or oily surfaces without re- 



Photo 1. The MIG TRAK joint tracking 
system, shown mounted on GE’s Model P60 
welding robot, is designed for speedy, one- 
pass operations. 

quiring special preparation such as 
sandblasting or chemical etching. It can 
handle all the major varieties of joints, 
including butt, v-prep butt, lap, and 
fillet. The system compensates for part 
warpage during welding by adjusting 
the robot's path to follow the moving 
seam. 


trackers typically use two types of lase.. 
Helium-Neon (HeNe), which operates in 
the visible red region, and diode lasers, 
which operate in the invisible, near- 
infrared region. The laser can usually be 
considered a point source, meaning that 
it can be focused very sharply on the 
retina. The retina uses only about 5 per- 
cent of incident light for vision; the re- 
mainder is absorbed and converted to 
heat. Excessive incident radiation from 
lasers will cause permanent retinal bums. 

According to an article published in 
Laser Safety, Class I lasers as defined by 
CDRH, should not produce an eye hazard 
under normal operating conditions. Above 
Class 1 are two classes specifically for visi- 
ble lasers: Class II low-power and Class Ilia 
medium-power lasers. These are limited to 
visible wavelengths that can cause eye 
damage, but the normal human aversion 
response to extremely bright light (blink- 
ing and turning away) takes less than 0.25 
sec., fast enough to protect the retina from 
permanent damage. This involuntary reac- 
tion is, of course, useless for the near- 
infrared wavelengths the eye cannot see, 
increasing the hazard of these lasers. Class 
Illb and Class IV lasers present much 
greater hazards because eye and even skin 
damage is instantaneous. Accordingly, 
some form of artificial protection is 
required. 


Defining Laser Classes. The measurement 
of power and energy levels used to define 
the classes is performed in several ways. 
(See 21 CFR 1040 for exact procedures.) 
The light from visible lasers is measured 
through a 7 mm aperture at 20 cm from 
the point where the beam leaves the pro- 
tective housing. This aperture approximates 
the size of the pupil of the eye in a fully 
dilated state. For devices where collecting 
optics (such as binoculars) may be used, 
the aperture size is increased to 80 mm. 

For continuous wave lasers, the meas- 
urement is based on the amount of power 
in milliwatts that can be collected in the 
aperture. Measurement is more complex 
for pulsed or scanning lasers. Since the 
damage lasers can cause is primarily ther- 
mal, an extremely short pulse of high peak 
power can be safer than a low-power con- 
tinuous beam because the total energy 
contained in it is less. Therefore, the limits 
for pulsed or scanning lasers are calculated 
using the peak power, pulse duration, and 
pulse frequency, and are expressed in 
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joules (J) or joules/cm^. Examples of some 
of the classes, power limits, and required 
safety features for the lasers used in seam 
trackers are summarized in Table 1. 

Safety Measures. The CDRH product 
safety regulations listed in 21 CFR 1040 
describe in detail the function of each safe- 
ty feature and list the exact wording of 
each label. The protective housing pre- 
vents access to laser radiation levels above 
those necessary for operation. The prod- 
uct can contain a laser source of a higher 
power rating and remain in the same class, 
however, if only specially trained person- 
nel have access to it. Additional labeling 
and interlocks on the enclosure are none- 
theless required. 

All laser products must also have a per- 
manently affixed label that indicates com- 
pliance with 21 CFR 1040 and the com- 
pany’s name and location. User documen- 
tation of laser products is required to in- 
clude reproductions of the CDRH safety 
labels and information on the product’s 
power level and classification. Instructions 
on safe operating procedures should be in- 
cluded in the user’s manual. 

The CDRH requires that a detailed 


report be filed on every new laser product 
giving information on the required product 
safety features, the company’s assembly 
and quality control procedures, and user 
documentation. The CDRH will not allow 
shipment (or import) of the product until 
a satisfactory report is on file. 

The preceding information is intended 
to serve as an introduction to the types of 
laser technology used in optical seam 
trackers, the associated safety concerns, 
and some of the requirements for that type 
of laser product. It is not meant to be a 
definitive reference for designing or using 
laser products; the 21 CFR 1040 and AN- 
SI Z-136.1 are the guidelines that must be 
fully understood and followed to the letter. 
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American Volpi's Intralux® cold light sources, 
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PRODUCT FEATURE 

The Miller MR-5 
Welding Robot 




Photo 1. The MR-5 horizontally articulated robot is specifically designed to 
weld small pieces. 


Photo 2. The robot is shown welding a rectifier mounting bracket that will be 
used with its welding power source. 


Robotic welding machines, after getting off 
to a slower than predicted start, are begin- 
ning to find— and hold— an increasing 
number of positions in metalworking shops 
and auto body plants. While various inter- 
pretations of this new growth have been 
offered, most boil down to a response to 
overseas competition. Half of this response 
is based on simple economics. With the 
recent technological advances in both 
machinery and software, it has begun to 
prove more cost-efficient in the long run 
to weld with a robot that does not ex- 
perience “bad days” or stop due to fatigue. 
The other half of the response also in- 
volves numbers— human numbers. Even 
before the introduction of robotic welding 
operations, the ranks of human welders 
had begun to shrink. Welding is hot, 
heavy, and hazardous work, and as the 
previous generation of master welders 
began to retire, a dwindling number of ap- 
prentices were there to replace them. Fur- 
ther, a properly designed and programmed 
robot can perform with an accuracy 
formerly reserved for humans with a con- 
siderable amount of training and hands- 
on experience. 


The history of Miller Electric Mfg. Co. 
encapsulates the rise of robotic welding 
systems in this country. In 1929, Niels C. 
Miller perfected, in his basement, the first 
welding power source that could operate 
on 110 V single-phase power. His utility- 
type welder was first sold in the rural areas 
of Wisconsin. In 1981, Miller Electric 
began providing welding interfaces and 
power sources to the major robot manufac- 
turers. In 1985, the firm signed an agree- 
ment with Osaka Transformer Company, 
whereby an exchange of certain products 
and technology took place between the 
two companies. A new product resulting 
from this agreement is the MR-5, a five- 
axis, horizontally articulated robot de- 
signed to weld a variety of small parts with- 
out elaborate fixturing and positioners. 


THE ROBOT 

The robot arm weighs 507 lb., including 
the base. Its axes are: “R,” right to left and 
covering 235 degrees; “S,” forward and 
back covering 155 degrees; “Z,” up and 
down over 4-3/4 in.; “0,” torch head rota- 
tion covering 380 degrees; and “<(>,” torch 


angle or wrist rotation covering 260 
degrees. Control of all five axes is indepen- 
dent and simultaneous via DC servo mo- 
tors. The maximum axis speeds are: “R,” 
150 degrees/sec.; “S,” 225 degrees/sec.; 
“Z,” 11.8 in./sec.; “0,” 200 degrees/sec.; 
and “f,” 150 degrees/sec. The maximum 
allowable weight capacity is 6.5 lb., and 
repeatability is ±0.004 in. Positional 
movements or movements between welds 
can be made at speeds of up to 150 
degrees/sec. Welding speeds in a linear or 
circular interpolation are up to 137 
in. /min. Torch tip speed and torch angle 
always remain constant. 

The welding power source, a Miller 
Deltaweld 450 (other machines can also 
be used), works in conjunction with the 
four-drive roll system for positive wire feed. 
The 350 amp air-cooled torch has a built- 
in touch sensor that automatically shuts 
the robot down if the torch strikes the fix- 
ture, the weldment, or other object. 


THE CONTROLLER 

The MR-5’s memory capacity is 48 
Kbytes, using the sequential memory 
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Figure 1. Control of the robot’s five axes is independent and simultaneous, via DC servo motors. 


method. In the magnetic bubble memory, 
3000 points or sequences can be stored 
(6000 more can be added by option). Since 
a typical program contains from 50 to 200 
points, 255 programs can be stored, along 
with 255 jobs, which can contain several 
programs required to complete a particular 
task. 

The operator and the robot communi- 
cate by way of a program module with an 
LCD display of numerical and alphabetical 
characters arranged in two rows of 20. The 
operation guides are in English and the 
weld parameters are in volts and inches per 
minute. Welding conditions include pre- 
flow time. Four different weaving functions 
can also be selected. Welding conditions 
modified while welding is in progress are 
automatically entered into memory. 

The controller also provides a part count 
function the operator can call up on com- 
mand and a self-diagnosis capability that 
is activated each time the robot is powered 
up. Checks are made of connections be- 
tween the control unit and the program 
module, the welding power supply inter- 
face and control unit, the circuits of the 
control unit, the program module and 
welding power supply interface, and the 
connection between the robot and the 
main unit. 


OPERATION 

When a robot is not actually welding, 
analog channels that control welding 
power source output and wire feed drive 
motors need to have some minimum value 
reference signals. If these signals are not 
preset, when the weld command is given 
the power source and the wire feed motor 
must ramp up from zero to the desired 
welding parameters and the result is poor 
weld starts. The MR-5 allows the operator 
to preload the analog channels with arc 
volts and wire feed speed, facilitating im- 
proved starts. 

Another area of concern in welding 
operations is that not all material to be 
welded is as clean as might be desired. Dir- 
ty, rusty, and poorly grounded parts do not 
make good electrical conductors, and 
when the robot tries to begin welding such 
conditions can cause arc initiation to fail. 
Unfortunately, cleaning the materials prior 
to welding is impractical from the stand- 
points of time and economics. The MR-5 
addresses this problem by attempting to 
start after an initial failure. When the start 


is unsuccessful, the robot retracts wire and 
tries again. If no start is achieved on the 
fourth attempt, a weld alarm is displayed. 

After successful completion of a weld, 
most robots run through a wire stick pro- 
cedure to ascertain that the welding wire 
is not frozen in the weld bead, as robot 
movement with a stuck wire can damage 
the gun or the torch. The wire can often 
be freed simply by pulsing the contactor 
of the welding power source, and the oper- 
ator will not have to cut the wire and 
manually move the robot arm away from 
its work to a safe area for a restart. The 
MR-5’s controller begins its check for wire 
stick with a low-voltage pulse. A frozen 
wire will send current through the weld 
secondary and be detected. The secondary 
is pulsed again at a higher voltage to burn 
the wire free, and once more at yet a 
higher voltage. Should three attempts fail 
to free the wire, a weld alarm is generated. 
The procedure takes only milliseconds, 
and is conducted in the presence of shield- 
ing gas. At present, 0.030 in., 0.035 in., 
0.045 in., and 1/16 in. mild steel and stain- 
less wires can be used. Packages that will 
allow pulsed gas metal arc welding on 
aluminum and other metals are under con- 
sideration. 

The MR-5’s work envelope can be di- 
vided into six stations, which means that 
up to six operators can work on six dif- 
ferent parts with the same robot. When the 
operator is ready (part in place), he presses 
the start button on the appropriate mod- 


ule. The robot places the request on a first- 
come, first-served basis. Each start module 
is provided with emergency stop capa- 
bilities, as is the welding gun. 


CONCLUSION 

To make the MR-5 within the reach of 
the smaller shops, it is sold as a system 
that includes the robot, controller, welding 
interface, welding power source, wire feed 
drive equipment, outlet cables, welding 
torch, and gas control/current sense box. 
The buyer provides the primary cable, weld 
cable, welding wire, and shielding gas. Per- 
sonnel support is offered by a team com- 
posed of welding engineers, electrical engi- 
neers, and technicians whose Job it is to 
integrate robotic welding operations into 
the shops of 1986 as smoothly as Niels 
Miller’s customers did his utility welder in 
1929. 


Miller Electric Manufacturing Company 
718 South Bounds Street 
PO Box 1079 
Appleton, WI 54912 
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SCIENCE 
& TECHNOLOGY 


Researchers at the National 
Bureau of Standards are test- 
ing a prototype computing de- 
vice for machine vision systems 
that can perform approximate- 
ly 450 million 8-bit operations 
per second, making it suitable 
for real-time image processing. 
The Pipelined Image Process- 
ing Engine (PIPE®) is the in- 
vention of Dr. Ernest Kent of 
the NBS, which has applied for 
a patent; the prototype was 
built by Digital/Analog Design 
Associates, Inc., of New York 


City. Even though highly spe- 
cialized machines exist that can 
perform more calculations than 
PIPE, the NBS says, none can 
perform the continuous, frame 
after frame calculations neces- 
sary to analyze a constant video 
signal in a rapidly changing 
situation. Other features include 
a multiple instruction stream, 
multiple data-stream facility 
that allows PIPE to perform dif- 
ferent types of analysis on the 
same video frame, depending 
on the nature of each point. 



In a project designed to allow 
robots to plan and act in a dy- 
namic and changing world, re- 
searchers at AT&T Bell 
Laboratories in Murray Hill 
and Holmdel, New Jersey are 
teaching robots to respond to 
spoken commands and to catch 
Ping-Pong balls on the first 
bounce. The voice-activated ro- 
bot in the Murray Hill lab 
moves objects around on a 
table under the direction of its 
designers. It understands a 
51 -word vocabulary and is 
equipped with an ultrasonic 


rangefinder that permits it to 
find the correct object. In 
Holmdel, the ball-catching ro- 
botic system includes two pairs 
of TV cameras that monitor the 
ball’s half-second flight and 
specially designed high-speed 
vision chips that process the 
ball’s image as it is generated. 
A microprocessor computes the 
trajectory and relays the data to 
a robot controller that moves 
the arm into position to catch 
the ball in a cup. Both projects 
are expected to lead to real- 
world industrial applications. 


Under an $800,000 contract 
from the U.S. Air Force, 
General Electric has under- 
taken the development of a pro- 
totype expert system designed 
to assist maintenance personnel 
in diagnosing jet engine mal- 
functions. The software is ex- 
pected also to be able to deter- 
mine exactly when engine parts 
should be replaced. Since there 
is no practical way to monitor 
the condition of parts buried 
within a jet engine (on-board 
sensors pose maintenance prob- 
lems themselves and are kept to 
a minimum). Air Force me- 
chanics are instructed to 
replace certain critical com- 
ponents after specified inter- 
vals. This approach means 
good parts are routinely pulled 
and replaced along with bad 
ones. The expert system will be 
able to analyze data available 
from various sources and sug- 
gest appropriate preventive 
maintenance or corrective 
actions. 


Researchers at the Na- 
tional Bureau of Standards 

have demonstrated a laboratory 
system that could be the basis 
of an in-process check on the 
surface roughness of work- 
pieces during machining. Such 
a monitor could be used to 
detect worn or damaged tools 
in an automated machining 
center before they begin to pro- 
duce unacceptable parts. The 
NBS probe transmits ultra- 
sound from a specially designed 
nozzle down the stream of cool- 
ant fluid and measures the 
amount of sound reflected back 
upstream. The proportion of re- 
flected sound indicates the 
roughness of the workpiece’s 
surface. Laboratory testing has 
shown that the system can 
measure a broad range of sur- 
face finishes at resolutions ap- 
proaching 25 jLtin. on stationary 
parts. Acceptable results are 
also obtained when measuring 
curved surfaces rotating at up 
to 1000 ft/min. surface speed. 


MARKET RESEARCH 


Neither culture nor work 
ethic, but “mechatronics” best 
explains the reason the Japan- 
ese are currently out-competing 
the U.S. in many world mar- 
kets, according to Gerardo 
Beni, co-director of the Center 
of Robotic Systems in Micro- 
electronics at UC Santa Bar- 
bara, California. Mechatronics, 
a blending of mechanical and 
electronic design, has come to 
mean the science of designing 
and building precision, com- 
puter-controlled machinery, a 


blending of mechanical and 
electronic design. The Japanese 
have been building high quali- 
ty products at a low price by 
coming up with innovative de- 
signs for the products and, in 
addition, developing the factory 
machinery required to make 
the product components. These 
engineers were trained at uni- 
versity departments of precision 
engineering, which differ from 
U.S. ME departments in stress- 
ing design, rather than analysis, 
of mechanical systems. Because 
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mechatronics involves simpler 
and more commonplace de- 
vices, it is not considered so 
glamorous as robotics, but try- 
ing to build robots before mas- 
tering the art of efficiently 
designing and manufacturing 
simpler computer-controlled 
machines is putting the cart 
before the horse, Beni says. 

Unions are widely accused of 
opposing automation, but the 
“true culprit” is top manage- 
ment, says Herb Halbrecht of 
Halbrecht Associates, a Stam- 
ford, Connecticut, management 
consultant firm. Senior ex- 
ecutives are reluctant to take 
risks or back projects that 
might not pay off for five to ten 
years, and despite the robots 
“depicted prominently” in U.S. 


manufacturers’ annual reports, 
only about 10 percent of the 
companies have some genuine 
CIM capability, according to 
Halbrecht. One of the major 
problems is that automation ex- 
perts in some companies report 
not to the VP for manufactur- 
ing but to the head of manage- 
ment information systems, who 
is traditionally concerned with 
finance and information rather 
than manufacturing but who 
nevertheless may resist surren- 
dering responsibility for CIM. 
John Nostrand, also of 
Halbrecht Associates, finds 
some positive signs in the 
emergence of a “new genera- 
tion of CIM experts” manufac- 
turing systems engineers who 
have come up through the engi- 
neering or manufacturing de- 


partments or from process in- 
dustries. Eventually, these ex- 
perts will be coming from 
academic institutions with ro- 
botics programs, such as MIT, 
Worcester Polytech, RPI, Cal 
Tech, and Camegie-Mellon. 
Demand for CIM executives will 
quadruple by 1990, Nostrand 
says. Meanwhile, Halbrecht 
warns, “Commitments [to CIM] 
have to be made now or 
manufacturing in this country 
may not survive 1990.” 

Companies are getting ser- 
ious about factory automation, 
says the Cleveland-based execu- 
tive research firm of Christian 
& Timbers, Inc., citing a 34 
percent increase over the past 
year in the demand for mana- 
gers who establish and run 


automated manufacturing facil- 
ities. Most of the hiring is com- 
ing from corporations that are 
new to automation, and the top 
jobs are currently VPs of ad- 
vanced manufacturing, VPs of 
engineering with automation 
experience, and directors of 
software development and of 
CIM. 

A new report from the Yan- 
kee Group indicates that 
graphics on the shop floor 
could change the rules in man- 
ufacturing, putting factory line 
workers in control of the man- 
ufacturing process. Convenient- 
ly available graphics can bridge 
the “labor gap” between the 
highly trained technicians and 
engineers who design and sup- 
port automated manufacturing 
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VISION ENGINEERING LABORATORIES, INC. 

Custom Engineering and 
Manufacturing of 
Stroboscopic Systems 
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systems and the unskilled 
operators who need to become 
more technically proficient in 
order to monitor and operate 
the systems. Shop floor graph- 
ics can be a support for line 
workers, rather than cause for 
their elimination, in that 
workers can get process and 
equipment information quickly 
and completely enough to 
make informed decisions on 
the appropriate actions to be 
taken. The Boston-based re- 
search firm’s report describes 
factory shop floor graphics as 
being is in its infancy compared 
to its wider use in engineering 
and design, but the growth rate 
of shop floor installations will, 
in the next five years, overtake 
that of other applications. 

Sales of machine vision prod- 
ucts will grow at an average an- 
nual rate of 62 percent through 
1990, with the automotive and 
electronics industries remaining 
the largest end users. The Ma- 
chine Vision Delphi Study, con- 
ducted by the University of 
Michigan for the Automated Vi- 
sion Association, represents the 
machine vision industry’s first 
efforts to assess its own future. 
Among other predictions and 
conclusions: sales of machine 
vision products will reach $457 
million in 1990, up from $58 
million in 1985; vision systems 
sales will grow from $188 mil- 
lion in 1985 to $2 billion in 
1990; in 1985, 49 percent of all 
shipments went to the automo- 
tive industry, but that number 


will decline to 31 percent in 
1990 when 36 percent will go 
to the electronics industry and 
other industries step up their 
rate of use; gauging accounted 
for 27 percent of all vision 
products shipped in 1985, fol- 
lowed by inspection with 20 
percent of the market; finally, 
over half the systems now in use 
are for dedicated, single proc- 
ess applications, and only a 
quarter of the installations are 
flexible, general purpose. The 
study described as the largest 
barrier to machine vision im- 
plementation a shortage of user 
expertise for developing appli- 
cations. 

A year-long study to help 
manufacturers predict and 
assess markets and uses for 
automated visual inspection 
systems is being proposed by 
Battelle Memorial Institute of 
Columbus, Ohio. The project 
will be supported on a multi- 
client basis by a number of in- 
terested companies, including 
both manufacturers and users 
of machine vision systems. The 
goals of the study, which will be 
carried out primarily at Battelle- 
Institut e.V. in Frankfurt, West 
Germany, are to describe and 
analyze currently available 
automated inspection methods 
and systems; provide an assess- 
ment of their efficiency, flex- 
ibility, and economy; identify 
potential uses; determine sys- 
tem adaptibility to other uses; 
and forecast major develop- 
ment trends. 


CORPORATE NEWS 


Parker Hannifin Corpora- Compumotor Corporation, 
tion has announced a definitive Compumotor stock will be con- 
merger agreement to acquire verted into approximately 
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600,000 Parker common shares. 
Certain Compumotor share- 
holders who hold in excess of 
50 percent of the company’s 
stock have signed separate 
agreements that give Parker the 
option to buy them out. 

► American Robot Corpora- 
tion has changed its name to 
American Cimflex, reflecting 
the company’s transition from 
a manufacturer of robot sys- 
tems to a broad-based manufac- 
turer of software-intensive prod- 
ucts and flexible systems for 
CIM. The firm consists of four 
primary business units: Ameri- 
can Robot Division, Dynamac, 
American CIMSystems Divi- 
sion, and American Industrial 
Vision Corporation. 

► John D. Horn, president of 
Multivisions Corporation, and 
Mathew Monforte, president of 
Monforte Robotics, Inc., have 
jointly announced the acquisi- 
tion by Multivisions of Monforte 
Robotics. Multivisions, an 
equipment leasing firm, plans 
to lease complete robotic sys- 
tems. Monforte manufactures 
end-of-arm tooling. The parent 
company will provide some 
financial support and market- 
ing. Monforte will Join Multivi- 
sions’ board of directors, and 
key directors of Multivisions will 
sit on Monforte’s board. 

► Cincinnati Milacron and 
Hitachi America have an- 
nounced an agreement 
whereby Hitachi will supply 
Milacron with the T3-735, a 
five-axis robotic arm designed 
for arc welding and sealant ap- 
plications, among other uses. 
The agreement is one of several 
outsourcing programs recently 
undertaken by Milacron. In 
November 1985 the company 


announced an accelerated 
restructuring of its machine 
tool and robot operations as a 
response to growing interna- 
tional competition. 

► Pattern Processing Tech- 
nologies, Inc. has established 
its Troy, Michigan facility as the 
firm’s Automotive Systems Divi- 
sion. According to a company 
spokesman, the move will en- 
able PPT to focus on the auto- 
motive industry’s specific needs 
by supplying complete turnkey 
systems. 

► Cybotech Corp. has re- 
ceived a $1.97 million order 
from Rocketdyne Division of 
Rockwell International for six 

robotic arc welding workcells. 
They will be used to TIG weld 
components for space shuttle 
main engines, and represent 
the first such workcells Rocket- 
dyne will put into production as 
part of a NASA funded pro- 
gram to enhance manufactur- 
ing technology at the com- 
pany’s facility. 

► Seiko Instruments, USA 
and CR Technology have em- 
barked on a joint program to 
automate display and control 
panel test systems, using CR’s 
System 240 machine vision- 
based tester and Seiko’s D- 
TRAN robots. The initial re- 
sults are a five-step operation: 
entering the system, intelligent 
LED displays are removed from 
their pallet by the robot and 
loaded into a fixture. The CR 
vision test system performs 
2200 tests in less than 7 
seconds, following each test 
with data reporting. The robot 
then unloads the fixture and 
palletizes the displays accord- 
ing to whether or not they 
passed the tests. 
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“My MAC 2000 Robot 
welds my biggest parts!’ 


“And the boss says 

Check these features and 

you’ll agree. 

• Easiest to use welding 
robot ever built 

• Your welder is the 
programmer and operator 

• Simple lead-through 
programming 

• Increases productivity and 
quality 

• For part runs of 1 or 
more 

• Uses existing tooling 

• Very large working 
envelope 


it’s real affordable!” 

• Installed and operating in 
hours-not days 

• Localized distributor/ 
service network 

• Minimal initial investment 
and quick ROI 

MAC will keep you competitive. 

See a MAC Master distributor 

for a demonstration or contact 

ESAB Robotic Welding 

Division, P.O. Box 2286, 
Ft. Collins, Co 80522, 
(303) 484-1244, 

ZiB Telex ITT 499-1462. 
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write single bytes, the EEPROM can be used like a disk. 
Programs can be stored in tiny BASIC or Z8 hex code 
and will autostart after flipping an on-board DIP switch. 

2K BASIC interpreter, 12K CMOS RAM, 2K monitor 
EPROM, 2K EEPROM, 32 I/O lines, 2 counter/timers, RS- 
232C port. 
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ORGANIZATIONS 


► Jeffrey A. Burnstein has 

been promoted to Director, 
Marketing and Public Relations 
at Robotic Industries Associa- 
tion, the 330 company-member 
robotics trade association. He 
has been with RIA since 1985 
and was previously associated 
with SME and with a business 
promotional organization in 
Detroit. 

► Robert A. Day, CMfgE, of 
Eastman Kodak, is the new 
president of Robotics Interna- 
tional of the Society of Manu- 
facturing Engineers. Day was 
a charter member of the Roch- 
ester Chapter of RI/SME and 
has held a number of positions 
within the parent organization. 


► Computer Aided Manufac- 
turing-International has an- 
nounced the release of its Di- 
mensional Measuring Inter- 
face Specification for an 
automated communications 
link that provides a flow of in- 
spection programming and 
measurement feedback be- 
tween CAD systems and quali- 
ty inspection devices and 
dimensional measuring equip- 
ment. The specification was 
developed by the CAM-I Quali- 
ty Assurance Program as a 
result of a national survey and 
individual QAP sponsor re- 
quirements that indicated such 
an interface was the single 
greatest need of quality assur- 
ance within industry. 


EDUCATION 


Joseph F. Keithley, founder of 
Keithley Instruments, Inc., has 
personally funded a new pro- 
fessorship in electrical engi- 
neering at MIT. The chair will 
be known as the Joseph F. and 
Nancy P. Keithley Career De- 
velopment Professorship in 
Electrical Engineering; Keith- 
ley’s financial support will sub- 
sidize the chosen professor’s 
salary and allow the recipient 
time for research work. MIT’s 
Dr. Martin F. Schlect, assistant 
professor of EE, has been se- 
lected to receive the first 
Keithley professorship. 

Ground has been broken for 
the Advanced Robotics Re- 
search Institute— Fort Wayne, 


a facility that will specialize in 
the applications of robotics, ar- 
tificial intelligence, and related 
technologies. The institute will 
be staffed and operated by the 
engineering college of the 
University of Texas at Arl- 
ington. The $10M project is 
being jointly sponsored by 
UTA, the Fort Worth Cham- 
ber of Commerce, and Fort 
Worth developers Newell & 
Newell, who donated the 
18-acre land site. A two-way TV 
system will be used to transmit 
classroom sessions between the 
institute and the UTA campus. 
Construction is expected to be 
completed by the end of this 
year. 
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JL depicts the Microsert SMD assembly system. Two cameras are 

used to direct component placement: one, mounted on tin roPot 

arm, registers board artwork and the second, mounted below the 
table, provides component lead inspection and registration. The 
Autovision controller matches component leads to board artwork. 


Human vision is an enormously com- 
plex sensory capability that can be 
imitated, but not duplicated, by machine 
vision. Humans receive naturally dif- 
fracted light from a direct source, such 
as a flame; from refraction, such as the 
scattering of sunlight by moisture 
droplets in the atmosphere that pro- 
duces a rainbow; and from reflection of 
light off an object. The brain interprets 
these signals, producing either a familiar 
or an unfamiliar "pattern," to be either 
recognized or studied and learned. 

In a machine vision system, the 
camera(s) substitutes for the eyes and 
the computerjs) for the brain. Such a 
system can be used to interpret an im- 
age either to cause some immediate 
decision to be made during a produc- 
tion operation (e.g., move a part, reject 
a part, or avoid a collision) or to build a 
database about a series of workpieces 
so an analytical model can be 
developed to describe the expected 
characteristics of the objects. The 
system must therefore be able to verify 
object presence or absence, measure 
image features, and recognize objects. 

Vision technology is new. Recent 
decreases in computer costs and 
increases in their capabilities have made 
them more feasible for use with vision 
systems. Further, a more sophisticated 
understanding of natural image proces- 
sing has led to the development of 
corresponding algorithms that allow 
machine vision to more closely simulate 
that of humans. A third factor is hard- 
ware improvement. The development of 
solid-state cameras is essential to the 
generation of images. 

The ultimate goal of an image 
recognition process is to reduce to a 
minimum the ambiguities, or the 
number of ways in which an image can 
be interpreted, using the least amount 
of information possible. At the lowest 
level, an object's location establishes its 
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preprocessing, image analysis, and image 
interpretation. 
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Figure 2. Placement of the light source 
depends on the workpiece features to be ex- 
amined and the amount and nature of the in- 
formation required about them. 


identity. Higher up the ladder of 
difficulty is an indentification by its 
two-dimensional shape, requiring the 
analysis of subtle variations in light 
intensity on surface structure. What- 
ever the amount of detail required, the 
machine vision process consists of 
image formation, image preprocessing, 
image analysis, and image interpretation 
(Figure 1). 

Image 

Formation 

The human eye forms an analog im- 
age of a perceived object, while a com- 
puter forms a digital image by means of 
discrete bits of data. The eye/brain 
system uses parallel processing to form 
an image, while machine vision forms 
the image sequentially, one bit at a time. 

ILLUMINATION. Figure 2 illustrates 
six configurations of light source place- 
ment appropriate to typical applications 
of machine vision systems. Back 
lighting provides maximum contrast 
when only a simple silhouette is re- 
quired; front lighting permits study of 
key surface features, such as a label; 
and side lighting is used to inspect for 
the presence of three-dimensional 
features. Light sources include incandes- 
cent bulbs, fluorescent tubes, fiber op- 
tics, arc lamps, and strobe lights. Lasers 
and polarized and UV light are used for 
special imaging applications. 

SENSING. Once the scene has been 
properly arranged, the electronic imager 
acts as the system's sensing device. Its 
function is to supply the data that will 
be used for processing and interpreta- 
tion. The imager is a sensor, collecting 
light from a scene (typically through a 
lens) and converting that light into elec- 
trical energy through the use of a 
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photosensitive target. Images are then 
generated as two-dimensional arrays, 
such as those formed by television 
cameras, or one-dimensional, linear ar- 
rays formed by scanning the scene one 
line at a time. Although a few machine 
vision systems use special purpose sen- 
sors for limited applications, such as 
lasers and ultrasonic sensors, most 
employ cameras. 

IMAGING. The vidicon camera was 
popular in early vision systems. Able to 
provide a great deal of information 
about a scene and very quickly, it 
forms an image by focusing the incom- 
ing light through a series of lenses onto 
the photoconductive faceplate of the 
vidicon tube. An electron beam within 
the tube scans the photoconductive sur- 
face and produces an analog output 
voltage proportional to the variations in 
light intensity for each scan line of the 
observed scene. The total image is 
represented, as in commercial television, 
by 525 scan lines, interlaced into two 
fields of 262.5 lines, repeated 30 times 
per second. The limitations of vidicon 
cameras in industrial applications 
are that they tend to distort the image 
and are subject to image "burn-in" 
on the photoconductive surfaces. They 
are also susceptible to vibration and 
shock, and their useful lives are limited. 

Solid-state cameras, employing charge- 
coupled device (CCD) or charge-injected 
device (CID) image sensors have become 
increasingly popular for machine 
vision systems. These sensors are 
fabricated on silicon chips, and contain 
matrix or linear arrays of small, ac- 
curately spaced photosensitive elements. 
When light passing through the lens 
strikes the array, each detector converts 
the portion of light falling upon it into 
an analog electrical signal. The image is 
thus broken into pixels, an array of 
individual picture elements. Solid-state 
cameras typically have a matrix array of 
256 by 256 detector elements per array. 

In order to generate a two-dimensional 
image, some sort of mechanical 
scanning device is required, such as 
rotating mirrors or movement of the 
workpiece, such as along a conveyor 
belt. The selection of the solid-state 
sensor type and its configuration for 
a particular application is influenced by 
a number of factors, including the 
resolution required, lenses employed, 
lighting, and cost. 

Solid-state cameras offer several im- 
portant advantages over vidicons: they 
are smaller and more rugged; their 
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photosensitive surfaces do not wear out 
with use; and because of the accurate 
placement of their photodetectors, they 
exhibit less image distortion. Although 
they are at present more expensive than 
vidicons, solid-state camera prices are 
expected to decline in the future, 
leading to their widespread use in 
machine vision systems. Vidicon, CCD, 
and CID cameras are compared in 
Table 1. 


Table 1 

A Comparison of 
Typical Image Sensors 

FEATURE 

VIDICON 

CCD 

CID 

Resolution 

1 

2 

2 

Sensitivity 

1 

2 

3 

Speed 

3 

2 

1 

Bloom 

3 

2 

1 

Size 

2 

1 

1 

Reliability 

2 

1 

1 

Current Cost 

1 

3 

2 

Future Cost 

3 

2 

1 


Image 

Preprocessing 

DIGITAL CONVERSION. The 
preliminary image produced by the 
camera must be processed so that it is 
presented to the microcomputer in a 
form suitable for analysis. A camera 
typically forms an image 30 to 60 times 
a second, and each image is captured or 
"frozen." Processing transforms the 
analog voltage values for the image into 
corresponding digital values via an AID 
converter, producing an array of 
numbers that represents the light inten- 
sity distribution over the image area. 

The resultant digital pixel array is 
stored in memory until it is analyzed 
and interpreted. 

Vision systems can be classified as: 

• Binary. The voltage level for each 
pixel is assigned a digital value of 0 or 
1, depending upon whether the signal's 
magnitude is less than or greater than 
some predetermined threshold. Each 
pixel is considered to be either white or 
black. This system is adequate for sim- 
ple inspection tasks, in which a 
silhouette image can determine if a part 
is missing or broken. 

• Gray scale. The fundamental pro- 
cess is the same as that of binary, but 
instead of two possible values for each 
pixel, gray scale permits up to 256 
values. In addition to white and black. 


many shades of gray can be distin- 
guished. This greater refinement allows 
objects to be compared on the basis of 
surface characteristics. Gray scale 
systems are also less sensitive to the 
placement of illumination than are 
binary systems. 

The sophistication of gray scale 
imaging requires extremely powerful 
microprocessors. A 256 by 256 pixel ar- 
ray with up to 256 different values per 
pixel requires more than 65,000 8-bit 
storage locations; a data acquisition 
speed of 30 images per second produces 
so much information that the time re- 
quired to process it can be significant. 
Yet, an ideal vision system would be 
capable of processing and interpreting 
all of this information in real time, 
especially when the system is used for 
on-line inspection or guidance and con- 
trol of fast-moving equipment. A 
number of techniques have been 
devised and put into use to reduce 
the amount of data to be processed. 
Chief among them are windowing 
and image restoration. 

WINDOWING. Windowing creates an 
electronic mask around a small area of 
an image to be studied, blocking out all 
pixels except those to be analyzed by 
the computer. This technique is useful 
for simple inspection applications in 
which presence is to be verified. A win- 
dow can be virtually any size, from one 
pixel on up to a major portion of the 
image. Eliminating extraneous pixels 
reduces processing demands. 

IMAGE RESTORATION Image 
restoration is called for when an image 
suffers from various forms of degrada- 
tion, such as blurring of lines or bound- 
aries, poor constrast between regions, or 
the presence of background noise. 
Degradation can be caused by motion 
of the camera or the object during 
image formation, poor illumination or 
improper placement of illumination, 
variations in sensor response, and 
defects or poor contrast on the object's 
surface. Image restoration can be 
achieved by constant brightness addi- 
tion, which adds a constant amount of 
brightness to each pbcel, or contrast 
stretching, which increases the relative 
contrast between high- and low-intensity 
elements by making light pixels lighter 
and dark pixels darker. 

Machine vision systems can perform 
other preprocessing operations such as 
edge detection and run length encoding. 
Edges are boundaries within an image 
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JML data recording lenses are high perfor- 
mance lenses ideally suited for facsimile 
use, CCD imaging, or any medium magnifi- 
cation range application. 

The optics are extremely well corrected 
over large field angles, and the apertures 
are larger than previously available. In the 
past, no series of lenses had offered these 
desirable combinations. 

JML offers two series — the ‘A Series and 
the ‘B’ Series. The ‘A Series of lenses are 
cost competitive and will resolve 200 dots 
per inch. Aberrations are minimized, and a 
full range of focal lengths is available. 


The 'B' Series of lenses are high contrast, 
high resolution lenses that are able to resolve 
400 dots per inch. They offer excellent quality 
on axis and at the edge of the field. 

We can modify existing lenses to meet 
specific requirements. We also have complete 
design capabilities and can submit proposals 
on any of your lens needs. Our engineering 
services are only a phone call away. 

Write, cable or call JML Optical Industries, 
Inc. at the address, cable, or phone informa- 
tion shown below, whenever you want more 
information on these or any other lenses that 
are of interest. 


OPTICAL INDUSTRIES, INC. 

690 PORTLAND AVENUE • ROCHESTER, NEW YORK 14621-5196 

716-342-8900 • TELEX II 510-253-2216 • FAX 716-342-6125 
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where there are dramatic changes in 
hght intensity between adjacent pbcels. 
Since these lx)undaries usually corre- 
spond to the physical edges of the 
workpiece being examined, they are 
very important for the inspection of 
part dimensions. Edges are usually 
determined by using one of a number 
of different gradient operators that 
mathematically calculate the presence of 
an edge point by weighting the intensity 
value of pixels surrounding the point. 
Thinning, gap filling, and curve 
smoothing ensure that the detected 
edges are only one pixel wide, con- 
tinuous, and appropriately shaped. The 
vision system needs only to store the 
edges or some symbolic representation 
of them, thereby reducing the amount 
of required memory. 

In run length encoding, each line of 
the image is scanned, and transition 
points from black to white or the 
reverse are noted, along with the 
number of pixels between transitions. 
This data is stored in memory and 
serves as the starting point for the 
image analysis phase. 
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Image 

Analysis 

For conclusions to be drawn and 
decisions made, the digital image must 
be analyzed by describing and measur- 
ing the properties of several image 
features that might belong to the image 
as a whole or to regions of the image. 
This step is usually carried out by the 
system's central processing unit, and 
generally begins with an analysis of the 
simplest features and continues with the 
addition of complicated features until 
the image is clearly identified. The ob- 
ject's position and orientation, geometric 
configuration, and the distribution of 
light intensity over its visible surface 
are factors in this operation. 

POSITION. When a workpiece must 
be positioned relative to a mating part, 
it might be necessary to monitor the 
location and orientation of that part in 
space. In a simplest-case scenario, a sta- 
tionary camera can be used to obtain 
an image of a flat part on a conveyor 
belt. Its position can be determined by 


Figure 3a. Stadimetry is a technique for 
measuring distance based on the apparent 
size of an object in the camera's field of 
view. The farther away the object, the 
smaller its apparent image. 


Figure 3b. Triangulation is based on the 
measurement of the base line of a right 
triangle formed by the light path to the ob- 
ject, the reflected light path to the camera, 
and a line from the camera to the light 
source. 


Figure 3c. Stereo vision uses the principle of 
parallax, or the change in the relative 
perspective of a scene as the observer (or 
camera) moves. The closer the object, the 
greater the parallax. 

analyzing the pattern of pbcels in the 
image. When, however, neither the 
distance between part and camera nor 
part orientation is known, other methods 
must be used to determine the distance 
(or range) of an object from the camera: 

• Stadimetry, or direct imaging, is a 
technique for measuring distance based 
on the apparent size of an object in the 
camera's field of view (Figure 3a). The 
farther away the object, the smaller its 
apparent image. Stadimetry requires an 
accurate focusing of the image, and an 
accurate determination of two known 
locations on the image surface. It 
minimizes errors caused by imprecise 
edge location. 

• Triangulation is based on the 
measurement of the base line of a right 
triangle formed by the hght path to the 
object, the reflected light path to the 
camera, and a line from the camera to 
the hght source (Figure 3b). The angle 
between the two light paths is preset, 
and the distance L is measured, so that 
distance D is readily calculated. If the 
object moves from A to B, both D and 
L increase proportionally. 
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• Stereo, also known as binocular 
vision, uses the principle of parallax, 
the change in the relative perspective 
of a scene as the observer (or camera) 
moves (Figure 3c). The closer the ob- 
jects, the greater the parallax, just as an 
object held close to the face will appear 
to move relative to some other object 
and to rotate slightly when observed first 
with one eye and then with the other. 

ORIENTATION. Along with position, 
orientation of objects is important in 
operations where a robot needs to cor- 
rectly position itself relative to a part in 
order to grasp and transfer it. This can 
be accomplished by: 

• Equivalent ellipse. For the image of 
an object in two-dimensional space, an 
ellipse can be calculated that has the 
same area as that of the image. The 
major axis of the ellipse defines the 
object's orientation. 

• Connecting three points. If the 
relative positions of three noncolinear 
points on a surface are known, the 
orientation of the surface in space can 
be determined by measuring the ap- 
parent relative position of the points 
in the image. 

• Light intensity disMbution. A sur- 
face will appear darker when at an 
angle other than normal to the light 
source. 

• Structured light. The workpiece is 
illuminated by structured light, and the 
way the pattern is distorted by the part 
can be used to determine both the 
part's three-dimensional shape and its 
orientation. 

Establishing both position and orienta- 
tion of a part, especially one moving in 
three dimensions when six motion com- 
ponents must be defined (three rota- 
tional and three translational), presents 
particularly difficult problems, especially 
at high speeds and with a motion more 
complex than simpler linear displace- 
ment. Processing speed limitations for 
complex images can restrict the vision 
system's ability to track high-speed mo- 
tions. One solution is a strobe that can 
be used to freeze images during motion; 
several hundred images per second can 
be captured by this method. 

GEOMETRIC CONFIGURATION. In 
manufacturing operations, typical parts 
tend to have distinct shapes that can be 
recognized on the basis of very elemen- 
tary features, and often identification is 
possible independent of part orientation. 
The first step of feature extraction, or 
determining these elementary image 


Another Advancement in 
CCTV from Cdhu... 

No other CCD camera can match the 
performance of the Cohu 4800 Series. 
With over 350,000 picture elements 
(754Hx488W), the 4800 provides the 
clearest, highest resolution picture 
available today. 
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Application: 

• High sensitivity for low light 
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• Auto black to maximize effective 
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properties, is to determine boundary 
locations and segment the image into 
distinct regions. Certain geometric prop- 
erties of the regions are determined, 
and finally the regions are organized 
into a structure that describes their 
relationships: 

• Image segmentation. This step, ex- 
tremely demanding for a vision system, 
requires that the differences between 
the apparent and the real boundaries of 
an object be brought into agreement. 
What is observed and what is actually 
present must be the same. 

• Image shape. The image outline or 
the shapes of certain segments may be 
enough to interpret an image. When an 
object can be differentiated from other 
objects solely on the basis of image size, 
features are measured through simple 
arithmetic calculations based on the 
number of pixels and their locations in 
the image. 

• Image organization. The various 
image components, along with descrip- 
tions of corresponding features, can be 
structured by the vision system in a 
hierarchical fashion, in which the com- 
ponents are listed along with calculated 
values for each and the relationships 
among them. It is often possible to infer 
three-dimensional object structure in 
this way. 

LIGHT INTENSITY DISTRIBUTION. 
One of the most sophisticated and 
potentially useful approaches to 
machine vision is the interpretation of 
an image based on the differences in 
light intensity in different regions. The 
problem with this method is that most 
machine vision techniques cannot deal 
with the complex patterns formed by 
varying conditions of illumination, sur- 
face texture and color, and surface 
orientation. One approach, currently in 
the experimental stages, assumes that 
the light intensity at a given point on 
the surface of an object can be precisely 
determined by an equation describing the 
nature and location of the light source, 
the orientation of the surface at the 
point, and the reflectivity of the surface. 

Image 

Interpretation 

The fourth capability required of a 
machine vision system is image inter- 
pretation, the conclusions formed by 
comparing analysis results with a 
prestored set of standard criteria. 
Machine vision deals in probabilities, 
and its goal is to achieve a probability 
of correct interpretation as close to 100 
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percent as possible. The two most com- 
mon methods of interpreting images are: 

• Feature Weighting. In cases where 
several image features must be 
measured in order to interpret an im- 
age, a simple factor weighting method 
can be used to consider the relative 
contribution of each feature to the 
analysis. 

• Template Matching. An electron- 
ically generated mask is used as a tem- 
plate to which the system compares the 
pixels of a standard object with those of 
a test object. 

Applications such as PCB inspection, 
weld seam tracking, robot guidance and 
control, and inspection of microelec- 
tronic devices and tooling have 


Machine 
vision deals in 
probabilities, and its 
goal is to achieve a 
probability of correct 
interpretation as 
close to 100 
percent as 
possible. 

necessitated special purpose machine 
vision systems that incorporate unique 
image analysis and interpretation tech- 
niques. For example, some PCB inspec- 
tion systems employ image analysis 
algorithms based on design rules rather 
than feature weighting or template 
matching. The inspection process would 
be based on known characteristics of a 
good product. The system would look 
for minimum conductor width and 
spacing between conductors and the 
presence of solder pads at the ends of 
the conductors. 

Factory Integration 
Of Vision Systems 

Machine vision systems are nearly 
always used as part of a total factory 
environment. The data either becomes 
part of inventory control or it dictates 
appropriate actions to either a human 
operator or a robot. Vision systems can 
be evaluated according to certain 
established criteria. The importance of 
each depends upon the specific 
application: 

• Resolution. This is the ability of a 
vision system to create a recognizable 
image from a particular feature of an 
object or scene. It is directly determined 


by the number of pixels in the image 
array and the image sensor's field of 
view. For a standard array of 256 by 
256 pbcels, the system can resolve por- 
tions of an object that just fit into the 
field of view down to a 1/256 of either 
the horizontal or the vertical dimension 
of that object. Resolution of a given ar- 
ray can be improved by using a camera 
lens with a higher magnification, but 
the field of view will then shrink. 

• Processsing Speed. Image process- 
ing speed measures the number of bits 
that can be processed by the image pro- 
cessors. More important during on-line 
applications, however, is the speed at 
which individual items can be examined 
by the system. This is a difficult 
number to determine, since processing 
time is affected by many factors includ- 
ing image complexity, type of illumina- 
tion, the accuracy required in inter- 
preting an image, and whether or not 
windowing is employed. Typical vision 
systems can inspect and recognize sim- 
ple parts at rates of 2 to 10 items per 
second; some can achieve speeds of 15 
parts per second and higher. 

• Discrimination. The ability of a 
vision system to discriminate variations 
in light intensity over an image is deter- 
mined by the number of intensity 
thresholds present in the system. A gray 
scale system is able to preceive more 
subtle variations in intensity, but the 
tradeoff is that better discrimination 
means increased processing time, along 
with a greater computer memory 
capacity. 

• Accuracy. A tradeoff can be made 
between processing speeds and the 
ability to correctly interpret images. A 
higher probability of correct interpreta- 
tion can be achieved by processing 
more image features, which increases 
the processing time. Accuracy can be 
defined as the percentage of correct 
decisions made about a group of objects 
being examined. This number is a func- 
tion of the variability of the objects, 
scene conditions such as illumination, 
the amount of teaching the system has 
received, the adequacy of the standard 
model used for teaching or program- 
ming, and other factors. An acceptable 
rate depends on the accuracy required 
by the application. 

This material is adapted from Machine 
Vision Systems: A Summary and 
Forecast, Second Edition, 217 pp, Tech 
Tran Consultants, Inc., PO Box 206, Lake 
Geneva, WI 52147, telephone {414j 
248-9510. 
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A 

Accuracy. The extent to which a machine vi- 
sion system can correctly interpret an 
image, generally expressed as a percentage 
to reflect the likeUhood of a correct inter- 
pretation. 

Ambient light. Light that is present in the 
environment around a machine vision sys- 
tem and generated from outside sources. 
This light must be treated as background 
noise by the vision system. 

Ambiguity. The characteristic of an image in 
which more than one interpretation of the 
object from which the image was formed 
can be made. There is no abiguity when 
only one interpretation is possible. 

B 

Binary image. A black and white image 
represented as zeros and ones, in which 
objects appear as silhouettes. 

Binaiy system. A vision system that creates 
a digitized image of an object in which 
each pixel can have one of only two 
values, such as black/white or one/zero. 

Boundary. The line formed by the joining of 
two image regions, each having a different 
light intensity. 

C 

CID, CCD, CPD. Charge Injection Device, 
Charge Coupled Device, and Charged Par- 
ticle Device. Large scale integration, photo 
sensitive devices that are used as detectors 
in solid-state cameras. 

Computer vision I machine vision). Percep- 
tion by a computer, based on visual sen- 
sory input in which a symbolic description 
is developed of a scene depicted in an im- 
age. It is often a knowledge-based, 
expectation-guided process that uses 
models to interpret sensory data. 

Controller. An information processing device 
that receives inputs from the vision system 
in the form of image interpretation data 
and then converts this data into command 
signals for robots or other equipment. 

Coirelation. A correspondence between attri- 
butes in an image and a reference image. 

D 

Detector. The light sensing portion of the 
electro-optical system. The detector 
translates gray level light patterns into 
equivalent analog or digit^ voltage signals. 

Digital image. A representation of an image 
as an array of brightness values. 

E 

Edge. A change in pixel values (exceeding 
some threshold) between two regions of 
relatively uniform values. Edges corre- 
spond to changes in brightness, which can 


correspond to a discontinuity in surface 
orientation, surface reflectance, or illumi- 
nation. 

F 

Features. Simple image data attributes such 
as pbcel amplitudes, edge point locations 
and textural descriptors, or somewhat 
more elaborate image patterns such as 
boundaries and regions. 

Frame. A single image at a specific point in 
time, sorted for processing and analysis by 
a computer. 

Frame grabbing. Taking a scanned frame 
from a camera and putting it into memory 
for further analysis. 

G 

Gradient space. A coordinate system (p,q) in 
which p and q are the rates of change in 
depth (gray value) of the surface of an ob- 
ject in the scene along the x and y direc- 
tions (the coordinates in the image plant). 
Thus p, q, 1 has the direction of the sur- 
face normal. 

Gray level. A quantized measurement of im- 
age brightness, or other pixel property. 

Gray scale image. An image consisting of an 
array of pixels that can have more than 
two values. Typically, up to 64 levels are 
possible for each pixel. 

H 

Higher level. The interpretive processing 
stages such as those involving object 
recognition and scene description, as op- 
posed to the lower levels corresponding to 
the image and descriptive stages. 

I 

Illuminator. The use of a light source to 
generate a light intensity distribution based 
on the way in which light is reflected from 
an object's surface. 

Image. A projection of a scene into a plane. 
Usually represented as an array of 
brightness values. 

Image distortion. Relating to moving objects 
and the amount of distortion caused during 
a scan (1/60 second). Can also be caused 
by nonperfect optic within the camera lens 
device. 

Image enhancement. The use of processing 
techniques to improve the nature of the in- 
formation received from an image. 

L 

Linear anay. A solid-state video detector 
consisting of a single row of light sensitive 
semiconductor devices. Used in linear ar- 
ray cameras. 

M 

Masking. The process of creating an outline 


around a standard image and then compar- 
ing this outline with test images to deter- 
mine how closely they match. 

Matrix anay camera. A solid-state camera 
that forms an M x N array of pixels when 
generating an image. 

O 

Orientation. The angle formed by the major 
axis of an image relative to a reference 
axis. For an object, the direction of the 
major axis must be defined relative to a 
three-dimensional coordinate system. 

P 

Parallel processing. The processing of pixel 
data in such a way that a group of pixels 
is analyzed at one time rather than one 
p\xe\ at a time. 

Pattern recognition. The process of identify- 
ing an object based upon an analysis of 
several features of the object's image. 

IHxel. A small element of a scene in which 
an average brightness value is determined 
and used to represent that portion of the 
scene. Pixels are arranged in a rectangular 
array to form a complete image of the 
scene. 

R 

Real-time processing. The ability of a vision 
system to interpret an image in a short 
enough time to keep pace with most 
manufacturing operations. 

Region growing. Process or initially partition- 
ing an image into elementary regions with 
a common property (such as gray level) and 
then successively merging adjacent regions 
having sufficiently small differences in the 
selected property, until only regions with 
large differences between them remain. 

S 

Solid-state camera. A camera that uses a 
solid-state integrated circuit to convert light 
into an electrical signal. 

T 

Template matching. Correlating an object 
template with an observed image field. 
Usually performed at their pbcel level. 

Thresholding. Separating regions of an image 
based on pbcel values above or below a 
chosen (threshold) value or gray level. 

Tracking. Processing sequences of images in 
real time to derive a description of the mo- 
tion of one or more objects in a scene. 

W 

Windowing. A technique for reducing data 
processing requirements by electronically 
defining only a small portion of the image 
to be analyzed. All other parts of the im- 
age are ignored. 
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Machine 

Vision: 

Coming 
of Age 



Machine vision is used to guide robot 
arms and automatic assemblers and to 
inspect parts, from automobile frames 
to the minute masks used to manufac- 
ture VLSI circuits. It is often used, as 
are robots, in environments that are too 
hazardous for workers, or to perform 
particularly tedious work. Machine 
vision is an essential element of 
automated manufacturing. 

"Hard automation requires that you 
put everything in the same place at the 
same time, because it lacks the intel- 
ligence to look," says one Ford Motor 
Company senior engineer. Sonny B. Ab- 
bott. "Vision gives you the opportunity 
to take a picture of what you need to 
do. It gives the robot eyes and gets a 
little bit closer to humanizing the 
mechanical end of the business." 

Abbott, whose group at Ford is 
responsible for examining cost justifica- 
tion for automated manufacturing 
equipment, explains the impact of 
machine vision systems on 
manufacturing. 

"It takes what used to be done 
manually, from a hand/eye situation, 
with a person standing there, through a 
situation where we load a system and 


Peter C. Doyle 
Stearns Road 
Keene, NH 03431 


have someone watching the equipment 
run, to the point where we can turn 
the equipment loose and know the 
equipment is going to 'know' what it's 
doing. Vision systems give the manufac- 
turer a way to handle complexities, 
turning hard automation into flexible 
manufacturing systems . ' ' 

The Customer 
Profile 

Machine vision has made its greatest 
impact on the automotive industry and 
in electronics assembly and inspection. 
In a recent New York Times article. 
General Motors was reported to be 
using more than 500 machine vision 
systems. However, they want 44,000 
systems. 

GM's William G. Neely, automation 
engineer at the Orion, Michigan plant, 
says, "The number doesn't seem that 


far out. We're not talking about a lot of 
sophisticated vision systems with 130 
cameras (see sidebar "Two Giants with 
Vision"), but many very simple systems 
which are just checking for the 
presence or absence of parts on sub- 
assemblies coming off a line. They're 
relatively inexpensive systems." 

While news that GM wants 44,000 
vision systems is enough to warm the 
heart of any machine vision sales 
manager, in the recent past sales have 
not come that easily. Thomas F, 
Reynolds, director of Product Marketing 
at Automatix, Inc., in Billerica, 
Massachusetts says, "Customers don't 
fully understand what a vision system 
can do. Often they've been misled. 
Frequently, after a visit to our plant, a 
customer will have to go home to 
redefine what he wants a vision system 
to accomplish. We spend a lot of time 
in an explanation mode." 

At Penn Video, a manufacturer of 
vision systems in Akron, Ohio, Gary 
Wagner, vice president for marketing, 
believes in a strong education effort. He 
says, "We believe in a long-term com- 
mitment. Our philosophy is that to sell 
a system today you must keep a 
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satisfied customer." According to 
Wagner, half of Penn Video's yearly 
business is repeat business. 

At Cognex Corporation, in Needham, 
Massachusetts, Judy Cobb, marketing 
communications manager, says of 
machine vision sales, "There's been a 
lot of evolution since we first started in 
1981. Our customers then were only 
larger firms that didn't mind doing a lot 
of tinkering. They were interested in all 
the details of how a system worked. 
Now our customers are people who 
want a 'black box.' They want it to 
work, and don't care what's inside." 

In Sunnyvale, California, at Adept 
Technology, Inc., a manufacturer of 
robots and machine vision systems, 
market development manager Elaine 
Wood says, "Over the last couple of 
years there has been an improvement 
in customers' understanding of what 
vision can do. There are more realistic 
expectations and the customer can see 
the benefits of a vision system." But, 
she adds, "Customers now also want 
their new vision system to be easy to 
install, to program, and maintain." 

According to Wood, the main sources 
of buyer resistance come from two 


areas. They've heard that the systems 
work in the lab but not on the plant 
floor, and, there's the feeling that the 
same ends might be achieved with a 
simpler solution, e.g., an optical sensor, 
or some sort of actuator. "What we try 
to emphasize," says Wood, "is that 
rather than vision systems' being very 
high tech and complicated, by using 
vision the customer is actually simplify- 
ing things. There's less tooling and 
fewer interfacing problems." 

The Future 
Of Vision 

A number of vision companies are 
competing for the same limited amount 
of money. Depending upon whom 
you listen to, there may be as many 
as 200 companies selling systems 
or components. 

In a positive assessment of the in- 
dustry, Richard Schwartz, industry 
analyst with E.F. Hutton in New York, 
said in March, "Machine vision systems 
are going in and, in the last three or 
four months, they're beginning to work. 
There's no doubt that they're going to 
do the job. . .the worst is over." 


Photo 1. Cognex Corporation's package in- 
spection systems can check label and cap 
positioning even when the bottles are ran- 
domly oriented. 


While many vision systems marketing 
people agree with Schwartz, at least one 
corporate executive doesn't believe the 
worst is over. 

Dr. Robert Shillman, president and 
CEO of Cognex Corporation, points out 
that ". . .because of all of those com- 
panies that were funded by venture 
capitalists, many of whom have been 
burned, there's not as much money 
available. Also, vision companies are 
still not yet profitable, although there 
are one or two companies showing 
marginal profitability. 

"I'd say in five years the tough times 
will be over and the good times will be 
here," he continues. "Because there 
will be three to four well-established 
vision companies that are sharing the 
business, they will be able to raise their 
prices. Right now there are terrible pric- 
ing wars going on and many companies 
are delivering product and losing money 
on every sale." 

"The good news is that it's a difficult 
business," Shillman comments. "It's not 
the kind of business the Japanese will 
come into because there's too much 
customization and market segmentation. 
Also, it would be folly for large cor- 
porations to come into the business. 

The ones that have been in the vision 
business have not done well." 

Shillman echoes many others in the 
business when he says, "To be success- 
ful, a lot of experience is necessary. Of 
course, in the beginning people were in- 
experienced. You couldn't be exper- 
ienced. . .Cognex went through all that. 
No one had the solution to any par- 
ticular problem down pat. If they did, 
and tried to expand into a different in- 
dustry, they found there were unique 
aspects of that industry that they had to 
learn. There has been a tremendous 
education in this business and the 
burden has been on the vision com- 
panies, to train not only their people, 
but the customer." 
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Two Giants 
With Vision 

Machine vision has been embraced 
by the automotive and electronics in- 
dustries as a key element of auto- 
mated manufacturing. And, an increas- 
ing number of other industries are 
following in their footsteps as they 
find applications for the technology. If 
machine vision has not yet come of 
age, it is soon to do so. 

The Ford Motor Company's Elec- 
trical and Electronics Division in 
Markum, Ontario, was confronted by 
a major engineering problem. Ten 
thousand high-density printed circuit 
boards for automobile radios are 
assembled each day, and because each 
board contains an average of 500 com- 
ponents, even a very small failure rate 
in component placement becomes 
magnified in terms of acceptable 
boards. For example, with only a 1 in 
1000 error rate in placement, it means 
that every other board will fail. 

Using the recently developed surface 
mount device (SMD) technology. Ford 
employs 30 TDK Avimount surface 
mount automated assembly machines 


to assemble these circuit boards. Each 
machine has a device that places spots 
of glue on the board where a chip is 
to be located and a second device that 
places a chip on the glue spot. Before 
the development of machine vision, 
each board was then visually inspected 
by an operator, and moved on to the 
wave soldering machine. 

But human inspection of high- 
density circuit boards is not very suc- 
cessful, and repair of a defective 
board after it has been soldered is 
time consuming and costly. Nick 
Kakarelis, SMD Area Manager at 
Ford's Markum plant, notes, "Human 
inspection is about 80 percent effec- 
tive on an average process, but when 
looking at chips on a board, it's 
around 50 percent. 

To help Ford cope with the inspec- 
tion problem, Automatix, Inc., of 
Billerica, Massachusetts, installed a 
machine vision system on each TDK 
assembly machine (Photo 2). Three 
identical boards are placed in a frame 
that is held by an x-y axis table. In 
step one, the first board is moved 
around until all glue spots are in 
place. In step two, the first board is 
shifted to the chip placement station. 



Photo 2. The cover of the Automatix TDK 
assembly robot slides away to reveal PCBs 
being populated with surface-mount com- 
ponents and afterward inspected by the 
same machine. 

while the second board moves under 
the glue spot station. As chips are 
placed upon each of the first board's 
glue spots, the second board receives 
glue spots at the same relative 
positions. 

The final station is the inspection 
station. As chips are placed at station 
two and glue spots placed at station 
one, the chips on board one are in- 
spected for presence of chips, and for 
location of chips with respect to x,y, 
or 6, the angular orientation. 

Inspection is performed to extremely 
high tolerances, within a field of view 
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Assembly 

Verification Systems 

• SIMPLE AND LOW COST 

• COMPATIBLE WITH EXISTING 

• RAPID RESPONSE 

• DETECT 

HOLE PRESENCE 

BRACKETS 

EDGES 

DOUBLE BLANK 



CONTROLS 


MAVS 


Medar offers simple presence vision for assembly verification 
to turnkey non-contact dimensional measurement and in- 
spection systems. 


Applied 

Gauging Systems 

• DIMENSIONAL MEASUREMENT SYSTEMS 

• CUSTOM SYSTEMS WITH FLEXIBILITY 

• STATISTICAL PROCESS CONTROL 

• INSPECT 

HOLES FOR LOCATION. SIZE 
EDGES FOR LOCATION 
CONTOUR FOR LOCATION 
SURFACE FOR LOCATION 


Medar, Inc. 

38700 Grand River Avenue 
Farmington Hills, Ml 48018-1381 
Toll Free (800) 221-7269 
In Michigan (313) 477-3900 
Oshawa, Ontario, Canada 
(416) 433-1230 
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Photo 3. At the repair station, an operator 
places the frame on a table that 
automatically moves the boards to position 
beneath a microscope the location of a 
missing or defective component. 

that is 0.4 in. square (Photo 3). No x-y 
deviation greater than 0.4 mm, a 
figure chosen to represent at least half 
the width of a component lead, is 
allowed. Skew can be no more than 7 
degrees. 

After the three boards have gone 
through all three steps, they are 
passed to a repair station. There, an 
operator places the frame on a table 
that also moves boards over an x-y 
axis, automatically positioning beneath 
a microscope the location of a defec- 
tive or missing component. The 
operator then performs any repairs, 
after which the board is sent to the 
wave soldering machine. 

The Automatix system has been in 
place for more than a year. According 
to Ford's Kakarelis, "Without the 
vision system we could not guarantee 
the quality. It would be very difficult, 
if not impossible, to operate without a 
vision system of some type." 

General Motors Corporation has 
been a strong supporter of machine 
vision technology development, both 
in its funding of R&D efforts and in 
the use of machine vision systems on 
assembly lines. At the Buick, 
Oldsmobile, and Cadillac assembly 
plant in Orion, Michigan, GM has 
used a 130-camera, full-body checker 
to inspect for uniformity of build for 
more than a year and a half. The 
machine vision system, installed by 
Perceptron, Inc., of Farmington Hills, 
Michigan, examines door and body 




This can. 


The Polaroid Ultrasonic Ranging System is an accurate, highly sensitive 
way to detect and measure the presence and distance of objects from 
10.8 inches to 35 feet. 

It controls industrial robots. And safeguards operators. Measures room 
dimensions at the press of a button. Warns a truck driver that he's in over 
his head. And more. 

Polaroid introduces a new Environmental Transducer. An improved ultra- 
sonic transducer (available in a sturdy housing) can withstand exposure to 
a wide range of hostile environments: rain, heat, cold, salt spray, chemi- 
cals, shock and vibration. Yet it's just as sensitive as the original transducer 
used in millions of SX-70 Sonar Autofocus cameras. 

Get a $2-million head start on your next product design. Polaroid spent 
over $2 million developing the Ultrasonic Ranging System. But now you 
can get this technology in our Designer's Kit for only $165. Or order just 
the individual components you need for your application. 

How far can you take the technology? Call Polaroid's Applications 
Engineers at 617-577-4681 and find out. 


How to get $2-million worth of technology for $165. 

To order your Ultrasonic Ranging System Designer's Kit, please send a check or money 
order for $165 for each kit, plus all applicable state and local taxes, to: Polaroid Corporation, 
Ultrasonic Components Group, 119 Windsor Street, Cambridge, MA 02139. 

Please send me Designer's Kit(s). Please send more information. 

Name 

Title 


Company. 
Address 


. State _ 


"Polaroid'; and "SX-70"® 


sPolaroid 
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IDETIX. 

DIGITAL CAMERA 
MOS Imaging System 

• System Includes: 

MOS sensor based camera with 
C-Mount lens 

High speed controller board 
Demonstration software and 
subroutine library. 


• Applications include factory 
inspection, robotics, process 
control, image processing, 
manufacturing automation and use 
as an educational tool. 



• Adjustable frame size and 
resolution to 1024 x 512 pixels 
using the MOS digital Image 
sensors, IS32A and IS256 
OpticRAM^^ 

• Rugged and reliable camera head 
for industrial environments. The 
high speed differential 
driver/receiver camera head 
measures 4.3"L x 1.5"H x 3"W. 


• IBM PC, XT, AT compatible with 
high speed data transfers via DMA. 

• Software includes demo program 
and Assembly Language Driver 
Library with routines for image 
processing and high resolution 
graphic display. Source code for 
demo program and driver 
subroutines Included. 


• Under $500 in OEM quantities. 


• • • Micron Technology, Inc., a world leader in semiconductor 

development and manufacturing, presents the IDETIX^^^ Imaging 
System, a low cost alternative for machine vision applications. 


For more information contact; 

B icron 

CHNOLOGY, INC. 

ems Group 
S E. Columbia Road 
le, Idaho 83706 
i) 386-3800 


Photo 4. A Perceptron, Inc., 130-camera, 
full-body checker inspects for uniformity of 
build at GM's Orion, Michigan facility. 


openings, and the overall dimensional 
integrity of five different styles of cars 
(Photo 4). 

"The goal of the system," says 
William G. Neely, automation 
engineer at the Orion plant, "is to find 
any defects after the car has been 
framed and all major body parts have 
been assembled. . .One of its [the 
system's] greatest assets is getting the 
information quickly, so we can make 
intelligent decisions." 

Formerly, using what Neely calls 
"hard gauges," they were unable to 
check more than one car a day of a 
particular style. If a defect was found, 
further gauging was necessary to 
determine whether it was a one-time 
defect or something occurring in 
several vehicles of that style. As a 
result, it took about a week to make 
an intelligent decision as to whether 
or not they should make a change. In 
the meantime, as many as 5000 cars 
had been produced. 

In operation, the Perceptron system 
takes a complete look at each vehicle 
in less than 30 seconds. Car bodies in 
assembly are moved around on pallets 
to which they have been clamped. 
Because precise alignment of each 
body is required, each pallet has 
locating pins that fit into holes in the 
car frame (five different styles of cars 
move through the assembly line, but 
all are built on the same frame). 
Gauging is carried out in a three-way 
precision station, that holds the car 
body to within 0.005 in. 

Once in the Perceptron station, data 
concerning the vehicle style is loaded 
into the computer and the system 
looks at whatever is necessary to 
gauge a particular opening. It may be 
a contour or a trim edge. It may in- 
spect for one-, two-, or three- 
dimensional information, using various 
combinations of the 130 cameras, 
most of which use lasers (in the entire 
system, only about six cameras use 
fluorescent sources to obtain flat 
lighting). 

"The result," says Neely, "is a bet- 
ter quality car. Everyone today is 
looking for uniformity of build, 
because it's the only way to get 
quality." 
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Photo 5. The KLA-228 Reticle Inspection 
System, designed to inspect masks used in 
sub-micron lithography, detected this 0.5 
micron chrome extension situated in 1.0 
micron linewidth geometry. To put these 
dimensions in perspective, consider that a 
human hair measures approximately 100 
microns in diameter. 


On 

Applications 

KLA. Searching out flaws in the 
masks and reticles from which very 
large scale integrated (VLSI) circuits 
are made means making a trip into 
the sub-micron world. While a human 
hair measures about 100 microns in 
diameter, circuit line widths in VLSI 
circuits commonly measure about 0.75 
microns. Mask inspection is critical, 
for if a defect is overlooked prior to 
circuit production, a manufacturer 
might produce thousands of com- 
ponents before the discovery is made. 

KLA Instruments Corporation, of 
Santa Clara, California is one of only a 
handful of companies manufacturing 
equipment to inspect masks used in 
sub-micron lithography. Derek R. 
Granath, a KLA applications engineer, 
says his firm's equipment will define 
defects as small as 0.35 microns 
(Photo 5). 

The KLA equipment is automated. 
The operator sets up an inspection 
area by defining several locations and 
the machine automatically scans by 
moving the mask on an x-y table. 
When it detects a defect, it stores the 
defect's location in memory. After the 
inspection, the operator goes back, 
reviews the defect locations, and 
classifies them according to type. The 
defect is then automatically positioned 
under a microscope, and the operator 
makes an identification. 

To appreciate the complexity of the 
inspection task, imagine examining a 4 
in. square photomask, on which there 
may be from 300 to 800 integrated 
circuits, and each contain thousands of 
devices, such as transistors, diodes, 
and resistors. 




EVERYONE OF OUR VISION 
SYSTEMS IS WORKING-AND 
PERFORMING AS EXPECTED. 


IS YOURS? 


Too many of today’s vision systems are not performing to expectations. 
Or not working at all. 

Penn Video systems are. Because long experience and single-source 
responsibility are what really count in machine vision. 

Our first system went on line before most vision companies were started. 
And our success record is still the best in the industry: every single 
Penn Video system is working, and meeting expectations. 

.Make sure yours does. Choose Penn Video. Our concern is that machine 
vision works for you. Our systems will. And that’s for the record. 


Penn Video, There are times when 
the objects one wants to see are hid- 
den from view and another approach 
is required. The answer may be to 


PEIMN VIDEO 

Machine Vision from Your Point of View. 

Penn Video Incorporated — 929 Sweitzer Avenue, Akron. Ohio 443 1 1 
(216) 762-4840 Telex: 98-6327 PVI-AKR 
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tarting with the highest quality 
CCD camera available, PULNiX offers innova- 
tive products plus technical solutions for your 
imaging requirements. 


PULNiX CCD CAMERAS 


□ 491 X 384 (v/h) pixel 
B/W CCD imager 

□ Compact and lightweight 

□ Minimum illumination 
3 lux (0.3 footcandles) 
with fl .4 lens 

□ C-mount or special 
miniature bayonet 
mount lenses 


□ Reliable operation in 
demanding industrial 
and robotics applications 

□ NTSC and CCIR formats 

□ Sync interface, genlock 
and other add-on mod- 
ules available 


ULNiX recognizes that engineers and systems 
designers often face complex problems when 
selecting an imaging system for their unique application. In 
addition to our line of quality cameras, lenses and accessories, 
we offer the critical technical support to assure that our imaging 
devices perform with your system flawlessly. 

Contact PULNiX for further information on our products 
and services. 


PULNiX 

PULMX AMERICA. INC. 


PULNiX America, Inc., 770-A Lucerne Drive. Sunnyvale. CA 94086 

408-733-1560 



combine x-rays with machine vision 
image analysis. For example, a steel- 
encased automatic transmission clutch 
assembly may contain as many as 10 
steel and fiber clutch plates. The se- 
quence of these plates within the case 
is critical. 

In the case of the Hydramatic Divi- 
sion of General Motors Corporation, 
Ypsilanti, Michigan, the task was to 
inspect fully assembled units to ensure 
the correct arrangement of clutch 
plates. Using two systems manufac- 
tured by Penn Video, of Akron, Ohio 
Hydramatic is now inspecting com- 
pleted clutch assemblies at a rate of 
one every four seconds. According to 
Penn Video's Gary Wagner, vice presi- 
dent for marketing, the challenge in 
combining x-rays and machine vision 
lies in the processing. "Much of the 
x-rays are absorbed by metal, which 
means you get a pretty shabby image, 
so we use a high-speed processor that 
looks for the correct sequence of 
clutch plates." 

But clutch assemblies are not the 
only application used for x-ray 
machine vision. Penn Video also has 
equipment looking for foreign objects 
in baby food jars and in canned soup. 
One baby food manufacturer has a 
tunnel built over the assembly line to 
serve as a shield to prevent escape of 
x-rays as baby food jars pass by at a 
rate of two to three per second. When 
foreign material is seen, the jar is 
rejected. 


View Engineering. One out of ten 
aluminum cans is out of specification 
or otherwise does not meet standards, 
says Richard C. Ganz, director of sales 
for View Engineering, Inc., Simi 
Valley, California. His information 
comes from a study of aluminum can 
manufacturing processes conducted by 
his company's engineers. Ganz says 
that the new View 1115 machine is 
the first fully automatic, noncontact 
can body inspection system, and that 
it will examine both in-process and 
factory finished cans. 

The device makes video measure- 
ments to an accuracy of +0.00025 in. 
of trim height, dome depth, flange 
width, plug diameter, and finished 
height. The device also performs air 
gauge measurements of can wall 
thickness to an accuracy of ±0.000046 
in. View Engineering is a subsidiary of 
Hughes Aircraft. 
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PRODUCT APPLICATION FEATURE 


An Automated 
Fish Inspection System 



Octek has been developing machine vision 
systems for the food and pharmaceutical 
industries for eight years. The firm recently 
built a prototype vision system designed 
for the classification of fresh fish. The Fish 
Monitoring System (FMS) will eventually 
be an integral part of a shipboard data col- 
lection package that will inspect whole, 
fresh fish between the cleaning and the ic- 
ing stations on fishing or research vessels. 
The FMS consists of a standard Octek 
computer and vision hardware, plus soft- 
ware tailored expressly for fish inspection. 
The prototype system is currently in- 
vestigating the practicality of applying vi- 
sion to the real-time automatic variety 
identification and weight calculation of fish 
as they move along a conveyor line. 

Whole, gutted fish are processed as they 
are presented to the system at a line speed 
of up to 180 feet per minute. To ensure 
a constant flow rate and proper orienta- 
tion/presentation, the fish are fixtured 
prior to inspection. The lighting source is 
placed underneath the fish so that they are 
back-lit, producing a consistent high- 


Photos 1 and 2. The Fish Monitoring System analyzes 
and displays detailed information about a cod, left, 
and a redfish, right. 


contrast image regardless of the shading 
or color of the fish. A binary image of each 
fish is stored, containing enough informa- 
tion to identify it by variety and to calculate 
its length. The length is defined as the 
distance between the tip of the nose and 
the tip of the tail (or the tip of the body, 
if the tail has been bobbed). If the fish is 
curved, the linear distance between its two 
ends will be less than its actual length and 
a more complicated algorithm is needed 
to calculate the length accurately. 

The fish are automatically identified by 
the FMS as belonging to one of six types: 
Atlantic cod; pollock or haddock, Green- 
land or Atlantic halibut; yellowtail floun- 
der, witch flounder, winter flounder, or 
American plaice; redfish; and catfish. Fish 
of other types are simply called “other.” 
Once a fish has been identified, its weight 
can be estimated from its length. This cor- 
relation between length and weight is good 
but not perfect; wide differences between 
calculated and actual weights may occur 
for individual fish but they are expected 
to average out with large samples of fish 
of a given group. 

Although the Fish Monitoring System is 
as yet in prototype form, one can conceive 



of a “factory of the future ship” hauling 
in the catch. Fish to be processed as fillets 
or frozen blocks could be diverted in one 
direction, while those destined for animal 
feeds and fertilizer could go in the other. 
Length and width information could trans- 
late into up-to-the-minute dollar value 
beamed via telecommunications satellite to 
the fishing company’s marketing office on 
shore. A company armed with such cur- 
rent data would be able to maximize pro- 
fits at the daily fish auctions while at the 
same time operating its fleet more efficient- 
ly and with smaller crews. 

Octek Inc. 

A Foxboro Company 
7 Corporate Place 
South Bedford Street 
Burlington, MA 01803 
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PRODUCT APPLICATION FEATURE 


Rapid Robotics Development 
With Real-Time Software 



When Elicon decided to branch out from 
robot camera control systems for the 
entertainment industry to the industrial 
robotics field, it set its engineers to the 
task of designing a flexible robotic system 
capable of performing a variety of jobs with 
ease of changeover being a primary con- 
sideration. As is frequently the case with 
such projects, the selection of software was 
a critical element in its success. 

Elicon wanted this system to be fast, 
repeatable, and accurate. The company 
also wanted it to provide a safe work en- 
vironment. The goal was to create a work 


area that would make use of the maximum 
available ceiling height. Since the system 
had a gantry design, maximum use of the 
table-top work surface (which can be up 
to 20 ft by 20 ft, with a vertical manipulator 
arm up to 8 ft long) had to be accom- 
plished without arms hitting the gantry 
support pillars. The mechanical design 
also had to be flexible enough to incor- 
porate a variety of optional inspection and 
assembly devices ranging from optical 
measurement systems to manipulators. 

To get the product to market quickly, 
the software had to be able to control the 


complex geometry of the gantry without 
excessive development time. It also had to 
allow the operator to make on-site modifi- 
cations quickly in a real-time environment 
and had to have multitasking features. 


THE MECHANICAL DESIGN 

Several years of R&D produced an 
unusual configuration of two overhead 
radial axes that rotate independently to 
generate true X-Y positioning. The gan- 
try uses a proprietary friction-drive tech- 
nology to produce five axes of motion, 
each capable of smooth, positive move- 
ment. Accuracy is controlled by direct en- 
coding of the load-bearing members of the 
system. 

The two overhead radial movements are 
a revolving disk and a rotating arm located 
on an eccentric point on the disk. The arm 
is allowed to rotate ± 720 degrees and is 
designed to clear all vertical supports. The 
support disk is allowed to revolve a full 
± 720 degrees. The disk is supported by 
three angular capstans. Using a friction 
drive and a unique friction-drive encoding 
system, the rotating disk axis is capable 
of extremely fast accelerations while retain- 
ing positional repeatability of 8 sec. Be- 
cause the disk is kinematically supported 
at its edges, flatness is ensured even dur- 
ing rapid accelerations. Since the arm is 
located at the perimeter of the disk, it is 
possible for both members to add their 
velocities to generate even greater speed 
of movement in the workplace, without 
sacrificing accuracy or repeatability. 

The remaining three axes (yaw, pitch, 
and elevation) are also friction-driven with 
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Photo 2. Friction-drive technology ensures smooth, 
positive movement through five degrees of freedom. 


load sensing encoding for added repeata- 
bility. The friction-driven gimbal used on 
the pitch and yaw axes provides extreme- 
ly smooth movement and can position a 
150-pound end effector with a repeatability 
of ±0.001 in., assuming constant tempera- 
ture and humidity. 

The friction drive provides a unique pro- 
gramming function, allowing the operator 
to move the apparatus manually and re- 
peat the movement later, using the con- 
trol system. The drive also provides a 
unique safety feature: the breakaway de- 
sign allows users simply to push the system 
out of the way with very little effort. The 
robot can then return to its original posi- 
tion and resume its path of motion. This 
feature minimizes the need for elaborate 
safety measures, such as shutdown nets or 
ultrasonic fields to protect operators work- 
ing near the robot. 


THE SOFTWARE 

The operating system chosen for the 
robot was poly FORTH® (FORTH, Inc., 
Manhattan Beach, CA). Characteristics 
leading to this selection were: 

• speed, flexibility, and efficient, com- 
pact code 

• a dictionary-oriented structure that 
permits easy modification by even the 
nonprogrammer 

• a real-time multitasking capability that 
can easily handle the many complex 
and disparate functions requiring con- 
current execution in robot-related 


applications 

• an interactiveness that provides the 
necessary tools to write software rapid- 
ly, thus keeping costs down while per- 
mitting alternative routes to be pro- 
grammed and explored to create the 
best software model 

The integrated structure of polyFORTH 
is the primary factor contributing to rapid 
interactive development. The integration 
into one programming environment of a 
high-level language and real-time operating 
system, plus resident compiler, assembler, 
editor, and programming utilities elimi- 
nates delays caused by the separate steps 
of editing, compiling, link-editing, loading, 
and, finally, testing. 

Elicon has used polyFORTH running on 
Digital Equipment Corporation's LSI-11 
computers for robots and servocontrol 
systems since 1979. Its real-time perform- 
ance has allowed us to develop products 
using much less expensive hardware than 
required by comparable systems, and with 
better overall response times as well as 
support for a convenient user interface and 
advanced features. The feature that has 
proven most valuable to us has been the 
ease with which we have been able to 
modify our application programs to han- 
dle new designs. The new geometry of the 
gantry was incorporated into previously ex- 
isting operational application software. 
The transformations required real-time 
conversion of Cartesian coordinates to the 
system’s quasi-spherical geometry. 

The software allowed the entire geom- 


etry of the system to be integrated with the 
existing control software to form an 
operational system less than 48 hours after 
a statement of system requirements was 
completed. The entire system for the gan- 
try was, in fact, completely developed in 
one week. This extremely short cycle was 
made possible by the ease with which 
previous programs could be modified to 
support the new geometry and different ap- 
plication focus. As a result, the software 
was fully operational well in advance of the 
mechanical system; using the completed 
software, mechanical subassemblies were 
tested so that any mechanical defects 
could be diagnosed and rectified before 
final assembly. 

Our programmers found polyFORTH so 
easy to use that they could easily write a 
small program to test one particular aspect 
of the system within minutes of being re- 
quested to allowing our mechanical 
designers to test concepts quickly without 
risk of a heavy software overhead. We 
believe this one factor alone substantially 
reduced our overall development time on 
the project. 

Elicon 

940 South Leslie Street 
La Habra, CA 90631 
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Advanced 
Gray Scale 
Techniques 
Improve 
Machine Vision 
Inspection 



Stanley N. Lapidus 

Itran Corporation 
670 North Commercial Street 
Manchester, NH 03105 

Machine vision is a technology that 
employs computers and video cameras to 
analyze and interpret images in a manner 
resembling human vision. These systems 
provide visual feedback to manufacturing 
equipment such as robots, motors, con- 
veyors, actuators, and alarms through an 
I/O module (Figure 1). The prominent ap- 
plication for machine vision is the inspec- 
tion of discrete parts during manufactur- 
ing and assembly. 

The largest users of machine vision thus 
far have been in the automotive industry, 
where inspection systems are improving 
quality and productivity and lowering 
manufacturing costs for General Motors, 
Ford, and Chrysler. However, many other 
industries such as electronics, health care, 
food and beverage, glass and clay prod- 
ucts, packaged chemicals, and paper prod- 
ucts are now beginning to install machine 
vision systems and to realize the same 
benefits. 

Because many of the earlier generation 


machine vision systems require expertise 
in fields not usually available to the 
manufacturing engineer, some potential 
applications went unaddressed and other 
attempts to use the technology were out- 
right failures. These systems demand 
knowledge of lighting, computer languages 
like FORTH or Pascal, image algorithms, 
TV cameras, and expertise in adapting 
general-purpose computers to factory floor 
requirements— a diverse and formidable 
combination of skills. Most vision applica- 
tions development, therefore, has been 


carried out by vision systems suppliers or 
by outside consultants. 

Machine vision should be as easy to use 
as programmable controllers, or perhaps 
even easier; they should be controllable by 
the people who use them every day, and 
not require outside experts. The following 
are important attributes to keep in mind 
when evaluating machine vision systems. 

• Installation should be quick and easy. 

• The lighting should not have to be 
uniform, and the parts should not re- 
quire any special background, like a 



Figure 1. The steps by which images received by a machine vision system camera are analyzed and inter- 
preted are shown in this simplified diagram. 
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white conveyor belt when imaging 
dark parts. 

• Programming should not require any 
special expertise in computer science 
or image processing technology. 

• Any modification of the inspection 
process should be a simple operation. 
The system should allow easy fine tun- 
ing on the factory floor by the end 
user. 

• The system must exhibit the highest 
degree of reliability; if something does 
go wrong, fast repair is of paramount 
importance. 


GRAY SCALE IMAGING 

The most common technique for ma- 
chine vision inspection in the past involved 
converting the continuous tone (or gray 
scale) image seen by a black and white TV 
camera into a binary image consisting of 
points that are either all black or all white. 
Accordingly, these systems are referred to 
as binary imaging systems. 

A binary system requires considerable 
skill in optics and lighting so the ‘Thresh- 
olded” image is a reasonable facsimile of 
the part. In many cases, this is extremely 


difficult to accomplish; it is sometimes im- 
possible. Once an image is converted to 
binary, a great deal of information can be 
lost, even with good lighting and optics, 
during the conversion process. If the light- 
ing varies even a small amount, for exam- 
ple, the complete image can come out all 
black or all white. 

A gray scale machine vision system 
divides the amount of reflected light into 
a number of discrete gray values. True gray 
scale, as offered by Itran Corporation, 
divides light into 64 shades of gray— more 
than the human eye can see but visible to 
the camera. Photo 1 shows a comparison 
of a gray scale image (left) and a binary 
image (right). The images are stored in 
memory in an x,y arrangement. Gray scale 
imaging can handle the four major 
challenges of machine vision: position 
variation, varying lighting, varying surface 
finish, and low-contrast parts. The four 
major steps of the inspection process are: 

1. Find the part. Where is the part in the 
field of view? How is the part oriented? 

2. Recognize the part. Is this the part we 
are looking for? This is especially im- 
portant if the vision system is sorting 
parts. 


Photo 1. Gray scale imaging (left) provides more im- 
age details than a binary system (right). 


3. Inspect the part. Look for the 
presence of all features. Are key 
dimensions within spec? Have all as- 
sembly or fabrication operations been 
completed? Are all the parts present? 
Are there any blemishes or flaws? 

4. Report the results. The last step in the 
vision process is typically to control 
some piece of machinery via an I/O 
device to deflect bad parts, sort dif- 
ferent kinds of good parts, or position 
a robot. 


FINDING AND 
RECOGNIZING PARTS 

Gray scale processing requires two basic 
algorithms: edge detection and correlation. 
The Sobel algorithm is the most commonly 
used algorithm for edge detection. Every 
pixel is subjected to the following 
operations: 


a 

b 

c 

d 

e 

f 

g 

h 

i 


grad X (a X 2d X g) - (c X 2f X i) 
grad y ( a x 2b x c) - (g x 2h x i) 
Sobel ygrad x^ + grad y^ 

Gradient x represents the vertical edges 
and gradient y the horizontal edges (Photo 
2). Since this procedure is repeated for 
every pixel, most gray scale systems use 
array processors to handle the math. Ar- 
ray processors, with parallel computing 
elements and high-speed circuits, tend to 
run 10 to 100 times faster than micro- 
processors during image processing. 

Correlation is basically a process of 
matching two patterns, the pictorial image 
and a template. This operation produces 
a nonpictorial correlation image whose 
brightness indicates how well the template 
matches each local neighborhood in the 
original image. Intense dots indicate areas 
of high match (Figure 2). The complex 
math used in correlation also requires the 
use of high-speed array processors. 

In Itran’s implementation, gray scale im- 
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Photo 2. Edge detection enhances the features of both parts. 


age processing techniques can be inbedded 
in a “toolbox” the consists of graphic jigs 
and gauges displayed on the programmer’s 
screen. The tools are easily manipulated 
by the operator’s light pen and placed over 
jig points and features to be inspected on 
images of parts. Gauges and jigs have 
mechanical counterparts that simplify the 
understanding of how they work. 


Positioning Pins. Part positions vary dur- 
ing inspection, rarely coming down the line 
in precisely the same orientation. Parts can 
be jigged electronically, however, using 
Itran’s positioning pins that operate like 
the positioning pins a toolmaker uses in 
designing hard mechanical jigging. To 
train a system to find and recognize a part, 
the operator positions three pins over the 



Here's the vision your computer needs to make quantitative measurements. 

Whatever you are measuring, the MTI 68 series camera “talks” to your computer 
to make its operation more flexible and accurate. Pixel for pixel, this high per- 
formance camera offers superior detail contrast and resolution (up to 1200 TV 
lines), and operates either fully automatic or programmed for manual oper- 
ation. Other features include drive outpW^ interface, multiple scan 

rates, low linearity distortion (0.25% or less), selectable bandwidth, 52 db s/n 
ratio, and the long term stability that precision measurement devices require. 
Ask for information on this and other models. 

DAGE/MTI, Inc. 

208 Wabash, Michigan City, IN 46360 Ph 21 9/872-551 4 

Over 30 years pioneering in video 



Figure 2. Intense dots indicate areas of high match 
between the template and the correlation image. 

gray scale image on the programmer 
screen by means of a light pen. These posi- 
tioning pins serve to locate the part. If the 
part moves because of translation or rota- 
tion during the inspection process, the 
part’s coordinate system is translated or 
rotated according to location of position- 
ing pins. 

Operation of the positioning pins relies 
on feature extraction techniques. Each pin 
has an associated search area (how much 
the pin, and therefore the part, is expected 
to move). A nominal size for the search 
area is 32 by 24 pixels, or 10 percent of 
each axis of a 320 by 240 field of view. 
Since the seaixh area size depends on how 
much the part position can vary, the user 
can increase or reduce it— the larger the 
search area, the longer it takes to find the 
part. 

The “patch” of the picture inside each 
of the three search areas is edge-detected 
using the Sobel edge detector. The cen- 
tral 7 by 7 portion of the Sobel pattern is 
stored as a template for each positioning 
pin while the object is being taught to the 
system. The distance between the centers 
of the positioning pins and the angles be- 
tween them is also stored. These distances 
and angles can be thought of as describ- 
ing a triangle whose apexes are the centers 
of the positioning pins. 

When inspecting parts, the edge tem- 
plate is correlated, or matched, over the 
Sobel edge-detected search area for each 
pin. When correlation is complete, the 
peaks determine the location of the best 
match between the template and the 
patch. A correlation operation is next car- 
ried out to best fit the triangle to the peaks 
in the three patches. The result is the x,y 
and angular offset corresponding to the 
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shift of the part. Once the offsets are 
known, all subsequent measurements can 
be done in a rotated and translated coor- 
dinate system. 

Positioning pins can also be used to sort 
parts. Three features, appearing in one ob- 
ject and not in another, permit reliable 
sorting. Positioning pins can be used to 
help robots find the precise location of 
parts to be picked up or manipulated. 


INSPECTING AND 
MEASURING PARTS 

Once the part has been located and 
identified using the positioning pins, in- 
spection and measurement take place. In 
Itran products, inspection is carried out 
using graphic gauges that work over a 
broad range of part motion. Calipers are 
used to make measurements and to report 
whether a measurement is, or is not, within 
tolerance. During the teaching mode, the 
caliper is positioned over the features to 
be measured and the blades are auto- 
matically “snapped"’ onto the appropriate 
edges. The caliper memorizes the edge 
pattern in the neighborhood of the blades 
and stores this pattern. During inspection, 
the templates corresponding to each of the 
blades are correlated with the edges of the 
images along the length of the caliper and 
the distance between the correlation peaks 
is measured. 

The inspection task often consists of 
detecting the presence or absence of a cer- 
tain feature. One reliable way to look for 
defects is to determine how consistent the 
amount of “edginess” is in a given area. 
Edginess is the total number of edge pix- 
els in the area; an edge pixel is one whose 
Sobel value is greater than 16. The opera- 
tor training the system positions a box 
around the area of interest and the system 
reads back the number of edge pixels in 
the box. The operator then establishes 
tolerance limits, the amount by which this 
number may vary and the part still be con- 
sidered good. The defect finder position 
is coupled to the coordinate system as 
determined by the positioning pins, so part 
motion does not invalidate the measure- 
ments. The test results of machine vision 
inspection are either reported to a host 
computer, or, more often, used to control 
the machinery that sorts parts or deflects 
bad parts. Relay ladder logic, developed 
for machine control, is an appropriate and 
widely understood representation of the 


control process and a flexible alternative 
to computer languages. 


CONCLUSION 

The use of jigs and gauges, combined 
with relay ladder logic, gears machine vi- 
sion toward mechanical and control engi- 
neers. Sophisticated gray scale image pro- 
cessing that combines edge detection and 
correlation provides a reliable means of 
dealing with varying parts position and 


lighting conditions. The result is a machine 
vision system that is robust and easy to 
use. 


Stanley N. Lapidus is President of Itran Corporation. 
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The Amazing A~BUS 

Hobbyists, Engineers, Scientists, OEMs, 
and universities, the A"BUS is for you! 

What is the A-BUS? The A-BUS is the best way to connect a variety of Input and 
Output cards (such as analog converters, relays, sensors, motor controllers, etc.) to 
your computer. 

A typical A-BUS system consists of: • An Adapter Card and a Cable to convert your 
computer to the A-BUS standard •The A-BUS motherboard, with several slots in 
which you plug the different Input and Output cards • Your choice of cards listed 
below to fit your application. (Many more cards will be released soon.) 

The stands for Amazing, and here is why: 

The A-BUS is designed to work with many different computers: IBM PC,XT,AT; 

Apple M’s; and TRS-80 Models l,lll,4,4P,4D,1 00,1 000. Should you ever move to 
another system, your investment is protected. Only the low cost adapter card has to 
be changed I 

The system is expandable to meet current and future needs easily. Motherboards 
can be daisy chained for up to 20 cards. 

Low cost and reliability will ensure your project success. 

A-BUS Adapter for IBM’s and compatibles. Uses one short slot 
A-BUS Adapter for Model I Plugs into 40-pin I/O card edge (on KB or E/I) 

A-BUS Adapter for Models 3,4,4P,4D Plugs into 50-pin I/O bus. 

CABLE(3ft.)toconnect computer to A-BUS. One required for each system. 

A-BUS Motherboard, for up to 5 cards (not needed if using only one card) 

Includes sturdy anodized aluminum frame and card guides. 

MANUAL All the A-BUS products include a detailed user’s manual. 



AR-133...$69 

AR-131...S39 

AR-132...S49 

CA-163...$29 

MB-120...$95 



A-BUS Relay Card: RE-1 40.. .$1 29 

This industrial grade output card includes 8 relays. (Contact rated 3 Amp @ 1 25V) All 
the decoding necessary is included which means that you can connect up to 64 cards 
(which is 51 2 relays.) Easily controlled using “OUT’ commands. For example OUT 1 ,0 
turns all the relays off on card #1 . Eight LED’s show the states of the relays. 

A-BUS Isolated Digital Input Card: IN-1 41 ...$49 

This optically isolated input card makes it safe and easy to connect external devices 
(switches, thermostats, keypads) to your computer. Simple INP commands read the 
status (ON or OFF) of the eight inputs. Inputs can be Voltage (5-24V), Current (5-1 0mA), or 
switch closure. Full address decoding allows up to 64 input cards (that’s 51 2 channels) 
per computer. 

A-BUS Analog Input Card: AD-142...$1 1 9 

8 channel 8 bit Analog to Digital converter. Your computer can read voltages, 
temperatures, pressures, light levels, etc. •input range: 0 to 5.1 Volts. • Resolution: 
20mV. • Conversion time: 1 20 microseconds. In BASIC, you can take up to 1 (X) readings 
per second. • Port address: selectable. Up to 64 Analog-80’s can be connected to your 
computer for a total of 512 channels ! 

An optional Amplifier board can be added to read millivolts: AM-169 $29 

A-BUS Dual Stepper Controller: ST-1 43. ..$69 

Don’t be afraid of stepper motors anymore. The special package (below) includes 
everything you need to get familiar with steppers: • Controller card drives 2 steppers 

(1 2V bidirectional) ST-143...S69 • Stepper: 48 steps per revolution, up to 300 steps/ 

second, V*” shaft. MO-1 03.. .$15 • Power supply PS-1 26.. .$10 

Special Package: Controller, two steppers and power supply: PA-181 $99 

SPECIAL Steppers: MO-103...4 for $39 

1 2V, unipolar, 7.5°, 36 ohms, ’A” shaft, 300 steps/second. Copal mfg model SP-57, same 
as Airpax K82701-P2. Regularly $15 each. 

A-BUS Prototyping card: PR-1 52. ..$14 

Protocard is 3’/i by 4’/» inches, and will accept up to 10 IC’s 

CABLES: Standard and Custom 

Send for our standard cable flyer and our worksheet for custom cables. 









ALPHA 


79 04 A Jamaica Ave., Woodhaven, NY 11421 


800 - 221-0916 

Orders Only. NY a Info call 
(718)296 5916 
Hours: 9-5 Eastern Tima 


SPECIAL 
4 for $39 


Add S3.0O p*r orddr tor shipping. 

Wp accopl VIsp. me. ehpckt, M.O. 
C.O.D. Pdd S3.00 pxtrp. 

M. Y. rpsidpnts Pdd spIps tax 
Shipping to Cpnpdp is 55.00 i4fiB 
Orprspps. FPO, APO Pdd 10% ysSV 
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Machine Vision for 
Industricd Inspection 
and Gauging 

Mary E. Doyle 

Cognex Corporation 
72 River Park Street 
Needham, MA 02194 


With the growth of industrial automation, 
it has become increasingly important to in- 
spect the quality of manufactured parts 
during production. Until now, human 
visual inspection has been the primary 
means to this end, but the speed of today’s 
production lines, the complexity of produc- 
tion equipment, and the fine tolerances to 
which parts must adhere frequently make 
human visual inspection impractical, if not 
impossible. New solutions developed for 
industrial inspection and gauging include 
LED-based or structured light systems, 
laser systems, and machine vision systems. 

While structured light and laser systems 
can be effective for making a single 
measurement and associated accept/reject 
decision per part inspected, these systems 
often fail or become prohibitively expen- 
sive when an application requires multiple 
inspections and measurements or complex 
decisions for each part. Machine vision sys- 
tems, on the other hand, can make multi- 
ple measurements for each part and can 
produce the types of reports required for 
effective production control. 

A typical machine vision system consists 
of a camera to capture images of the parts 
to be inspected, a processor to analyze and 
interpret the captured image for relevant 



Figure 1. The system inspects four targets on each 
battery: the registration line where the shrink-wrap’s 
two colors meet (1), the shoulder of the battery at 
the positive end (2), the positive tip (3), and the 
negative tip (4). 


information, and a monitor and keyboard 
for use in system setup and result report- 
ing. This type of system examines a part, 
evaluates its acceptability according to 
defined quality standards, and issues a 
decision about it to production control 


equipment. Part evaluation typically is 
based on a comparison between the cap- 
tured image and a standard or golden 
sample of the part stored in the system’s 
memory. This model of the part is usually 
derived either mathematically or, more fre- 
quently, by using the system camera to 
capture an image of an ideal part. 

Systems can increase both their preci- 
sion and their speed by concentrating on- 
ly on these elements of a part where 
defects are likely to occur and by ignor- 
ing irrelevant areas of the captured image. 
By concentrating on specific features or 
targets on each part, a system can analyze 
the image at a higher resolution (thereby 
detecting smaller defects) while still main- 
taining the throughput required for pro- 
duction. 


A VARIETY OF APPLICATIONS 

Vision systems have proven effective in 
a variety of industrial inspection and gaug- 
ing applications. 

Batteries. In one application, a system in- 
spects batteries at a rate of 450/min. for 
correct registration of colors on the shrink- 
wrap cover of the battery can, correct 
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length and width, and correct formation 
of positive and negative tips. The measure- 
ments made by the system are accurate to 
within 0.015 in. The batteries are on a 
conveyor and the inspection system is trig- 
gered by the conveyor’s shaft encoder. A 
single camera looks at each battery, which 
is illuminated by two strobes with fiber- 
optic light delivery. The system inspects 
four targets on each battery: the registra- 
tion line where the shrink-wrap’s two col- 
ors meet, the shoulder of the battery at the 
positive end, the positive tip, and the 
negative tip (Figure 1). 

Battery inspection proceeds as follows: 

1. Inspect the registration line where the 
shrink-wrap’s two colors meet (Target 
1). If the target passes inspection, the 
registration of the two colors is within 
general tolerance; continue inspec- 
tion. If the target does not pass in- 
spection, the shrink-wrap cover might 
be mispositioned and therefore cover 
either the positive or the negative tip, 
or the shrink-wrap cover could be ap- 
plied upside down; stop inspection, 
and reject the battery. Since mis- 
registration of the shrink-wrap cover 
is the source of 80 percent of the 
manufacturer’s rejects, checking this 
target first saves inspection time and 
increases system throughput. 

2. Inspect the shoulder of the battery at 
the positive end (Target 2). If the tar- 
get passes inspection, measure the 
absolute distance between it and Tar- 
get 1. If it does not pass, the battery 
could be damaged at the shoulder; 
stop inspection and reject the battery. 
If the distance between the two tar- 
gets is within tolerance, continue. If 
the distance is not within tolerance, 
the shrink-wrap cover might be mis- 
positioned and therefore cover either 
the positive or negative tip; stop in- 
spection and reject the battery. 

3. Inspect the positive tip (Target 3). If 
the target passes inspection, the posi- 
tive tip is properly formed, of the cor- 
rect length, and not covered by mis- 
positioned shrink-wrap. Continue in- 
spection. Else, stop inspection and re- 
ject the battery. 

4. Inspect the negative tip (Target 4). If 
the target passes inspection, the 
negative tip is properly formed and 
not covered by mispositioned shrink- 
wrap. Inspection decision is accept. 
If the target does not pass inspection. 



Figure 2. Four measurements are made on a flare 
for fluorescent light bulbs: the diameter of the hole 
(C), the diameter of the base (B), length of the flare 
from hole to base (A), and the angle of the flare at 
its base (a). 

the tip might not be properly formed 
or could be covered by mispositioned 
shrink-wrap. Inspection decision is 
reject. 

When inspection of a battery is com- 
plete, the system signals to a program- 
mable controller that the inspection result 
is available and then tells the result. If it 
is reject, the controller signals a blower to 
eject the battery from the line. 

Flares for Fluorescent Bulbs. Another 
system inspects small glass flares that hold 
the filaments in fluorescent lights. If a 
flare’s dimensions are not within tolerance, 
the flare will not seat properly in its 
housing. 

This application also uses fiber-optic 
light delivery; the lead content in the glass 
causes the flare to glow and provides an 
outline measurable by the system. Four 
measurements are made on each flare: the 
diameter of the hole at one end of the flare 
(C); the diameter of the base at the other 
end (B); the length of the flare from hole 
to base (A); and the angle of the flare at 
its base (a) (Figure 2). 
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Standoff 
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Figure 3. A resistor network is inspected for pin 
presence and position, ceramic standoffs for presence 
and shape, and lead length relative to the top of the 
standoff. 
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Resistor Networks. In the electronics in- 
dustry, a system inspects resistor networks 
(Figure 3) having six, eight, or ten pins. 
To determine whether or not a network 
is within specification, the system 

• Inspects the pins to determine that the 
right number are present (db), that 
they are located correctly relative to 
the ends of the body of the device (da), 
and that they are properly spaced, 

• Inspects the network’s two ceramic 
standoffs for presence and proper 
shape; and 

• Inspects lead length as measured rela- 
tive to the top of the standoff (dc). 

During inspection, the network is held 
by vacuum in a three-sided fixture with its 
position constrained to ±0.005 in. in both 
the X and y dimensions. Leads are posi- 
tioned up, at 90 degrees, with all leads, 
the standoffs, and 10 percent of the net- 
work body above the fixture. The fixtures 
are mounted on a rigid steel circle (reel), 
36 in. in diameter, which is stepped 5 
degrees and then remains stationary for 

0.66 sec. A black background in the 
horizontal plane behind the area to be in- 
spected enhances contrast in the captured 
image. When the system identifies a reject 


network it signals the material handling 
equipment, which removes the bad net- 
work from the reel. For this application, 
the system’s nonvolatile memory stores in- 
spectors for four different networks. 


ONE INSPECTION APPROACH 

Cognex Corporation’s Checkpoint 1300 
vision system for part quality inspection 
can perform all three tasks described. This 
system is pre-programmed to accomplish 
specific goals, such as inspecting part 
shapes or measuring distances between a 
part’s visible features (such as edges or not- 
ches); then, through a menu interface and 
using the system camera, an operator 
trains the system to inspect and measure 
particular parts according to desired 
tolerances. Once training is complete, in- 
spection is automatic and an operator can 
control report generation and changeover 
from one part type to another through sim- 
ple keystroke commands. Internal non- 
volatile memory allows storage of complete 
inspection setups. 

Because it is important for manufac- 
turers to remove reject parts from the line 
immediately, the system interfaces to pro- 


duction equipment and indicates its deci- 
sion (e.g., accept, reject, rework) as an op- 
tically isolated signal. The decisions are 
stored in a first-in, first-out buffer for use 
downstream in the production line. The 
system also tallies the number of parts ac- 
cepted and rejected and classifies rejects 
by type. It subtotals statistics every hour 
and saves the results for reports (monitor 
display or hard copy), which show the sub- 
totals in each category as a function of 
time of day. Table 1 is an example of an 
inspection report. 

The Inspection Process. A complete in- 
spection involves five steps: 

1. Application programming 

2. Camera setup 

3. Training 

4. Operation 

5. Report production 

Application programming defines in- 
spection goals, telling the system which 
part features to inspect (e.g., notches, 
edges, drill holes), how to inspect them 
(e.g., for absolute or for relative position, 
for orientation, for shape), what range of 
tolerances to show for deviations from the 
ideal, what categories to maintain for re- 
jects, and how to report both accepts and 
rejects as optically isolated signals. 

Combining an application program with 
an appropriate camera setup, training pro- 
duces a ready-to-run configuration, called 
an inspector, that defines exact targets, 
tolerances, and reports. (The application 
program then becomes part of the inspec- 
tor.) During operation, the inspector per- 
forms the inspection, produces reports, 
and controls equipment. 

As an example of this relationship, con- 
sider a setup for inspecting three different 
types of parts for presence/absence of a 
notch, presence/absence of a drill hole, 
and postion, height, and width of a pres- 
ent drill hole. For all three types of parts, 
a single application program would define: 

• The targets to be inspected, 

• The determinations to be made about 
the targets, 

• The units of measure for all positional 
measurements, 

• The reasons for which a part would be 
rejected, and 

• The output signals for accept and 
reject. 

An individual inspector is then created 
for each part type to store images of 
specific targets in memory and to set 
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Table 1 

An example of an inspection report from an automated vision system 


Time 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Totals 

Good Part 

2000 

2320 

1567 

2500 

1988 

2244 

1500 

2127 

35F 

16596 

Missing Notch 

3 

0 

100 

2 

1 

0 

0 

0 

1 

107 

Missing Hole 

0 

0 

0 

0 

400 

0 

0 

0 

0 

400 

Notch Misposit. 

1 

2 

0 

0 

0 

0 

2 

5 

0 

10 

Hole Misposit. 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

Hole Diam. Error 

0 

0 

0 

3 

0 

0 

58 

0 

0 

61 

Trigger Overruns 

0 

1 

0 

0 

0 

0 

1 

0 

0 

2 

Total Rejects 

4 

3 

100 

5 

401 

0 

61 

5 

2 

581 

Totals 

2004 

2323 

1667 

2505 

2389 

2244 

1561 

2132 

352 

17177 


specific position and orientation tolerance 
values. For example, each part type might 
have a different size and shape and would 
therefore have different edge targets. 
There might also be differences among the 
parts in notch shape and position and in 
drill hole size. 

Creating an Inspector. Creating an in- 
spector involves setting up the system’s 
electrical interface to other production 
equipment, positioning the system cam- 
era(s), and setting the exact tolerances for 
a particular part; but the key element in 
creating an inspector is training specific 
targets. This is a two-part process: target 
training and surface calibration. 

Target training defines the specific part 
features (such as notch or hole) to be in- 
spected by capturing an image of the target 
and storing an ideal representation of it 
in memory. During production, the system 
compares each captured image with the 
ideal representation to determine how 
closely the target matches the ideal in 
terms of position, shape, and contrast. 

Surface calibration translates measure- 
ments of a target’s captured image from 
the pixels measured by the system hard- 
ware into standard units such as mils or 
inches. This is an important system 
feature, because while a flat surface pro- 
duces a good correspondence between pix- 
els and standard units of measure, a 
curved surface, such as a cylindrical part, 
distorts the correspondence. Surface cali- 
bration compensates for that distortion. 

System Operation. During operation, the 
system operates in an acquire-process- 
report cycle. 

1. The camera acquires an image of the 
part to be inspected and sends analog 
video signals to the processor, which 
digitizes the signals into a gray level 
image. 


2. The system searches this image for 
the targets defined during training. It 
determines the presence/absence of 
each target, and, if a target is present, 
determines its image coordinates. It 
also determines each target’s ap- 
pearance quality, appearance con- 
trast, and deviation from expected 
position in surface coordinates. It 
then compares these measured values 
with the tolerances set by the user, 
and determines the extent to which 
the inspected part meets the desig- 
nated quality standards. 

3. Finally, the system reports the actual 
measured values taken on each target 
and its accept/reject decision for the 
entire part. The inspection results can 
be displayed on the monitor and are 
transmitted as an optically isolated 
signal to a chosen destination. 


CONCLUSION 

The demand for improved quality assur- 
ance in industrial manufacturing continues 
to mount, and vision technology continues 
to develop in terms of both speed and 
capability. In the future, machine vision 
systems will continue to provide the fast, 
accurate inspection solutions needed in 
the industrial market. 


Mary E. Doyle manages technical writing for Cognex 
Corporation. 
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Write It once! 

MasterFORTH 

Portable programming environment 



Whether you program on 
the Macintosh, the IBM PC, 
^ an Apple II series, a CP/M sys- 
tem, or the Commodore 64, 
your program will run un- 
changed on all the rest = 

If you write for yourself, 5 
MasterFORTH will protect 

your investment. If you write for 
others, it will expand your market- 
place. 

MasterFORTH is a state-of- 
the art implementation of the 
Forth computer language. 

Forth'is interactive -you have 
immediate feedback as you 
program, every step of the way. Forth is 
fast, too, and you can use its built-in macro 
assembler to make it even 



CP/M 


faster. MasterFORTH’s 
relocatable utilities, 
transient definitions, and headerless code 
let you pack a lot more program into your 
memory. The resident debugger lets you 
decompile, breakpoint, and trace your 
way through most programming prob- 
lems. A string package, file interface, and 
full screen editor are all standard features. 


And the optional target compiler lets you 
optimize your application for virtually any 
programming environment. 

MasterFORTH exactly matches the 
Forth-83 Standard dialect described In 
Mastering Forth by Anderson and Tracy 
(Brady, 1 984). The standard package in- 
cludes the book and over 1 00 pages of 
supplementary documentation. 


MasterFORTH standard package 

Macintosh $125 

IBM PC family (MS DOS 2.1) 125 

Apple II family (DOS 3.3) 125 

CP/M 2.x (IBM 3740 8”) 125 

Commodore 64 (with graphics) ... 100 
Extensions 

Software Floating Point $60 

Hardware (8087) Floating Point ... 60 

Graphics (selected systems) 60 

Relocator (with utility sources) 60 

Target compiler(RAM and ROM) . . . 350 
Target Application Generation 
System (TAGS) - MasterFORTH, 

Target compiler & relocator 495 

Publications 

Printed source listings (each) .... $35 
Forth*83 international Standard ... 18 


NEW PRODUCTS ■ -■ 

MODEL List Processor $40 

(with ELIZA and micro-LISP) 



8726 S. Sepufveda Bl., #A171 
Los Angeles, CA 90045 
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Expert Programmable 
Vision System Checks 
for Conformity to Specs 

he Bulletin 2805 Expert Programmable 
Vision System (PVS) uses artificial vision 
to recognize and inspect components or prod- 
ucts for conformity to specifications. The sys- 
tem has applications for robot guidance and 
general surveillance as well. Using a modular 
architecture, the system operates in basic ap- 
plications as a low-end unit and, with the addi- 
tion of other coprocessors, as a high-end unit 
for more complex applications. 

The system accepts input from one to eight 
video cameras. Modular PCBs can be used for 
data acquisition, preprocessing, processing, ex- 
ternal communication, and system supervision. 

The special purpose coprocessors, each of 
which can act on a separate set of data simul- 
taneously, allow the system to perform image 
acquisition and preprocessing, contour extrac- 
tion, segmentation and processing, and exter- 
nal communication in parallel. A mathematical 
morphology has also been incorporated. 

For more information, contact: Allen-Bradley 
Company, Industrial Control Division, Dept. 
ICN/8547, 1201 S. Second St, Milwaukee, WI 
53204, telephone (414) 671-2000. Circle 101 


New _ 
Products 



Small Solid-State 
Imaging Component Does 
Not Hamper Robot Movement 


solid-state machine vision imaging com- 
ponent that includes an ultra-miniature 
CCD imaging chip, a flexible probe, and solid- 
state circuitry for image processing is now 
available. A CCD sensor, embedded in the tip 
of the probe, transmits a superior, high- 
resolution image of 31,000 pixels that can be 
integrated into existing image processing equip- 
ment including computers, video processors, 
and digital signal converters. 

The device is designed for use as a sensing 
component by designer-manufacturers of ma- 
chine vision equipment for robotics, automatic 
testing, pattern recognition, and other machine 
vision or monitoring applications. It is said to 
be ideal for robotic applications where its small 
design and light weight do not hamper robot 
movement, lifting, or sensing capabilities, and 
can replace larger vision system cameras cur- 
rently in use for such applications. 

For more information, contact: VideoProbe 
Division, Welch Allyn, Inc., 4341 State Street 
Rd., PO Box 220, Skaneateles Falls, NY 
13153-0220. Circle 102 



Robotic Welding System 
Handles Small Batches 
and Custom Jobs 

r he FlxWeld robotic welding systems are 
designed for use in construction equip- 
ment, material handling, automotive com- 
ponents, and metal fabrication, in both small- 
batch production and custom applications. 
Cartesian coordinate, articulated arm, and 
SCARA-type systems can perform regular solid- 
wire GMAW, pulsed GMAW, gas-shielded flux- 
cored wire, and self-shielded processes. 
Fix Weld’s RSC 1000 control is engineered to 
allow all required teaching and operating func- 
tions to be performed from a single remote 
panel, with up to 99 types of workpiece pat- 
terns programmed. The torch automatically 
moves in a straight line between two points 
once the points are taught. Extended welding 
controls provide a complete range of optional 
requirements from torch and arc sensors to ex- 
ternal work number callout. 

For more information, contact: Sciaky Bros., 
Inc., member company of Allegheny Interna- 
tional, Inc., 4915 W. 67th St., Chicago, IL 
60638, telephone (312) 594-3800. Circle 104 




Seam Finding 

Sensor System 

Talks to Robot Controller 

r he ASEA seam finding system consists of 
an optical sensor and a microcomputer 
that evaluates the sensor signals and transmits 
the result to the adaptive functions in the robot 
control system. In the searching process, the 
joint is defined in three dimensions and the 
welding gun is positioned simultaneously. A 
complete search in three dimensions and loca- 
tion of the gun takes approximately 1.5 sec. 
A search in two dimensions is often sufficient 
and is performed without actuation of the arc. 

The system can be used in most welding ap- 
plications. It is, however, particularly appro- 
priate for welding thin sheets with many short 
welds where short cycle times are required (e.g., 
in welding car bodies or the details of bodies 
and wheel suspensions). It is the first sensor 


system available for this type of industrial 
application. 

Features of the ASEA seam finder include 
noncontact, accurate, and rapid localization of 
the joint; the use of wider tolerances in the 
dimensions and positioning of the workpiece; 
a measurement unaffected by the nature of the 
surface, the presence of rust, oil, paint, and the 
sheet thickness; measurement of the gap and 
adaptation of the welding data when welding 
overlap joints; and insensitivity to light intru- 
sions from the arc and the surroundings. Op- 
tical sensor specifications are: weight, 650 g; 
measurement distance, 170 mm; measurement 
range, 32 mm; and resolution, 0.06 mm. The 
system has a search accuracy of ±0.4 mm; a 
search time (three dimensions) of 1.5 to 2.0 
sec.; and search types for height, edge/overlap, 
joint, fillet joint, and gap measurement. 

For more information, contact: ASEA Robot- 
ics Inc., 16250 W. Glendale Dr., New Berlin, 
WI 53 151, telephone (414) 785-3400. Circle 105 


Machine Vision 
Systems Use Real-Time 
Image Preprocessors 

new series of machine vision systems 
based on the IBM PC uses ITMI’s GTR 
real-time image preprocessors. The V2D system 
incorporates the GTR 2D, which, based on a 
standard video input, digitizes 64 levels of gray 
and extracts the location of contrast points 
(edges) for a 256 by 256 matrix in real time; 
a parallel interface; and CAIMAN software. V3D 
incorporates the GTR 3D, which extracts the 
edge of a structured light plane and provides 
the location of these laser pixels in real time; 
a parallel interface, and L3D software. 

For more information, contact: Sal 
D’Agostino, Vice President, Marketing, In- 
dustrial Technology and Machine Intelligence, 
1000 Massachusetts Ave., Cambridge, MA 
02138, telephone (617) 576-2585. Circle 106 
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Inspection System 
Detects Defective PCBs 


Inspector/Verifier is an automated op- 
A tical inspection system for detection and 
inspection of defects in printed circuit boards— 
regardless of conductor surface quality. Tar- 
nished, soldered, or sanded conductor surfaces 
cause the typical optical scanner to give false 
defect readings. The laser scanning approach 
of the system avoids this common problem 
because the system is not dependent on the 
cosmetic quality of the conductor surface to 
achieve accurate results. 

By using a finely focused laser beam to 
fluoresce the substrate of the printed circuit 
board, the system can examine any conductor 
surface for defects such as opens and shorts, 
nicks and pinholes, and out-of-tolerance con- 
ductor width and spacing. Information about 
these defects— in the form of a defect location 
map— is then stored on a floppy disk for use 
with the Verifier. 

The Verifier subsystem is designed for quick 
visual confirmation of any defects detected by 
the Inspector. It incorporates such features as 
automatic location of identified defects, mag- 
nified monitor image, flexible operator controls, 
and the ability to make on-the-spot repairs. 

For more information, contact: Lincoln Laser 
Company, 234 E. Mohave, Phoenix, AZ 85004, 
telephone (602) 257-0407. Circle 107 


Options for Bulk 
Weldwire System Improve 
Positioning Capabilities 

/y /ew options are available for the RCD 
JL V System, a bulk weldwire system designed 
for robotic and other high-speed welding opera- 
tions. A four-wheel cart has been developed to 
hold the system, permitting the welder or other 
personnel to move it for better positioning with- 
in the welding cell. An aluminum cap with poly- 
ethylene curtain shields the wire from the indus- 
trial welding environment. 

A self-centering base automatically centers 
a coil being lowered on the pallet beneath the 
RCD System, making changeovers easier and 
faster for more arc time. 

For more information, contact: Customer 
Service Department, National-Standard Weld- 
ing Products Division, Niles, MI 49120, tele- 
phone (800) 253-1318. Circle 110 
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Flexible Image 
Processor Runs on a PC 

Tl^odel PIP4000 is a new flexible image 
L jf processor designed to be used with a per- 
sonal computer for machine vision high-speed 
inspection systems, computer-integrated manu- 
facturing, and other automated monitoring and 
quality control operations. It is especially 
suitable for applications where it is necessary 
to monitor a variety of digitized video functions 
in real time such as in the analysis of metals 
or composite materials for hidden stress, flaws 
or fatigue, and to simultaneously check parts 
for quality parameters as they move along a 
mechanized conveyor system. 

Several available interactive software pro- 
grams include specialized packages for moire 
edge enhancement, particle distribution 
measurement and anaylsis, or Fast Fourier im- 
age modification. 

The processor can handle as many as eight 
TV cameras simultaneously and has an image 
memory of up to 512 by 512 by 8-bit by 32 
frames, depending on configuration. Other 
hardware options include array processors and 
modules for true, full-color operations, or com- 
plex filtering. 

For more information, contact: Alison 
Clayton, A.D.S. Imaging Systems, 467 Hamil- 
ton Ave., Suite 2, Palo Alto, CA 94301, tele- 
phone (415) 322-8450. Circle 108 



Inspection System 
Adjusts to Position 
and Lighting Variations 

\ RGUS™ is a modular, high-speed in- 
spection system that performs dimension- 
al gauging, complex assembly verification, and 
three-dimensional part inspection. It is designed 
to automate and strengthen quality assurance 
applications for the automotive, electronics, 
aerospace, and general manufacturing indus- 
tries. 

The system performs 100 percent quality 
control assembly inspection by verifying the 
presence or absence of parts, dimensions, and 
tolerances. It examines parts using proprietary 
mathematical algorithms to detect edges and 
other critical features and automatically adjusts 
to any variations in position or location of the 
part on the production line. It can be used as 
a standalone system or as an easily integrated 
part of a large CIM system. 

The system features descriptive, easily recog- 
nizable icons, color graphics, and a factory- 
rugged trackball interface. ARGUS uses the 
Vision Ladder Logic in a nonconstraining, 
spreadsheet format that lets users continue 
logic from screen to screen without interrup- 
tion. Its open architecture is based on the 32-bit 
Motorola 68010 processor and the industry 
standard VMEbus. 

For more information, contact: American 
CimFlex Corporation, 121 Industry Dr., Pitts- 
burgh, PA 15275, telephone (412) 787-3000. 


Circle 109 


Parallel Processor 
Chip Detects Binary 
and Gray Scale Images 

he Geometric Arithmetic Parallel Proc- 
essor chip is a parallel processing in- 
tegrated circuit. On each chip are 72 process- 
ing elements in a 12 by 6 array that operate 
concurrently to solve parallel processing prob- 
lems. Each element executes the same instruc- 
tion simultaneously while operating on its own 
data, and it can communciate with its four 
neighboring elements, north, south, east, and 
west, a desirable characteristic in many parallel 


processing applications. 

In effect, each processing element is aware 
only of elements in its local neighborhood. This 
property allows designers to directly cascade 
chips to form larger arrays of processing 
elements without complicated interface logic. 
From a software standpoint, the fact that the 
GAPP chip allows an entire image, or portion 
of an image, to be processed in parallel allows 
software designers to create hardware-indepen- 
dent software. 

For more information, contact: NCR Cor- 
poration, Microelectronics Division, 2001 Dan- 
field Court, Ft. Collins, CO 80525, telephone 
(303) 226-9550. Circle 111 
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r he IMAGER 3000 inspects parts and 
assemblies on automated production 
lines for correct fabrication and assembly. It 
consists of a processor, video camera and lens, 
lighting, I/O, and a monitor and terminal. It can 
also monitor production machinery and sort 
and count parts. 

The system offers 100 percent noncontact 
inspection for process control or quality 
assurance at speeds of up to 15 parts/sec. IBM 
(or compatible) PCs can be used to set up in- 
spection tests and to store inspection tests on 
disk, facilitating test retrieval and replacement. 
The Imager stores up to 200 tests in its non- 
volatile memory. Additional tests can be stored 
on magnetic tapes using an optional tape drive. 

For more information, contact: Dallas Mad- 
dox, Monitor Automation, 315 W. Huron, Ann 
Arbor, MI 48103, telephone (800) 843-3380 or 
(800) 342-8133 (in Michigan). Circle 118 


Color Register Mark 
Scanners Detect 
Slight Color Difference 

^T\e TL Series Color Register Mark Scan- 
X ners are designed to differentiate between 
different colors. The unique optical system 
enables these units to detect slight color 
differences— yellow on white— or even different 
shades of the same color. The scanners can be 
used to sort objects by color, or detect color 
registration marks in the printing, paper, and 
packaging industries. For hard-to-reach or 
hazardous installations, the TL Series Color 
Register Mark Scanners are also available with 
fiber optics. 

For more information, contact: Herb 
Ruterschmidt, Datalogic Optic Electronics, Inc., 
20340 Center Ridge, Rocky River, OH 44116, 
telephone (216) 331-9300. Circle 119 



Photoelectric Sensor 
System Detects 
Miniature Objects Quickly 

#y^YE-C Series sensors are a self-contained 
X-/ photoelectric system capable of detecting 
very small objects quickly. The photoelectrics 
consist of an infrared LED light source, a high- 
speed photodiode receiver, amplifying circuitry, 
Schmitt trigger, voltage regulator, current 
regulator, and output transistor. The output 
transistor provides logic level switching of its 
5 VDC or 12 VDC power supply. The system 
has a response time of 50 pis, and is factory set 
for detection of objects as small as 0.012 in. 
in diameter. Smaller object (0.008 in. in 
diameter) detection can be achieved by adding 
an auxiliary resistor. Typical applications in- 
clude automatic insertion equipment, automatic 
assembly equipment, robots, and pick and place 
machinery. 

For more information, contact: Robert 
Thomson, Sales Manager, Frost Controls, Inc., 
Industrial Drive South, Smithfield, RI 02917, 
telephone (800) 437-7689. Circle 120 


SPECIAL OFFER: 
SCORPION MOBILE ROBOT KIT 



World leaders In instructional robotics 

RHINO 

ROBOTS 

3402 N. Mattis Ave. 

P.O. Box 4010 
Champaign, IL 61820 
(217)352-8485 


Originally $660 

DIRECT 

NOW ONLY $299* only 
SAVE OVER 50% 

The package price gives you the Scorpion kit with everything 
needed for assembly plus our 250-page assembly and operation 
manual (a $20 value) as a free bonus. 

The Scorpion is a versatile floor mobile robot that can be run 
from the RS-232C port of any computer, small or large. It is designed 
specifically for the serious robotic enthusiast who owns a personal 
computer and would like to experiment with robotics, artificial intelli- 
gence, machine intelligence, pattern recognition, and mobile robot 
theory. These activities are permitted by the Scorpion by virtue of its 
unique features, which include 2 drive motors, 4 bumpers with 2 micro- 
switches each, 2 programmable eyes, a speaker with tone and dura- 
tion programmability, a 2 axis optical scanner tha allows patterns of 
the brightness of the robot’s environment to be displayed on the CRT 
of the computer, and a 2 phase floor scanner that can be used to 
allow the Scorpion to track the floor environment in an intelligent 
manner. 


Enclose check or money order with order. VISA or Mastercard charges 
accepted. ‘Power supply not included. Shipping extra. 
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Direct-connect 

Vision Systems Identify 

and Locate Stationary Objects 

r wo new vision systems designed to handle 
the majority of robotic applications re- 
quiring vision are now available. Univision III 
is an area vision system used to identify and 
locate stationary objects. Conveyorvision is a 
line-scanning vision system designed to iden- 
tify moving objects on a conveyor and deter- 
mine their locations relative to the conveyor. 
Both can identify touching and overlapping 
parts. 

The systems are designed for use with 
UnivaF^, Unimation’s new robot controller. 
As options to Unival, the systems become an 
integral part of the controller. No interfacing 


New 
Products 


is required and they come with preprogrammed 
software. Communication time is reduced, as 
the systems are directly on Unival’s main com- 
puter bus. 

Using the teach-by-showing method, both 
systems allow users to program the robot to 


identify various parts. Univision III can be used 
with multiple cameras to meet a wide range of 
robot vision requirements. 

For more information, contact: Unimation 
Incorporated, Shelter Rock Lane, Danbury, CT 
06810, telephone (203) 796-1069. Circle 112 


Vision Measurement System 
Allows Programming by Menu 

^7\e View 1220 is suited for inspection of 
J, reflective and translucent parts, black 
plastic parts, cylinders, shafts, ceramic parts, 
and stampings. Its Menu Programmable Lan- 
guage (MPL) allows the user to write measure- 
ment programs entirely by menu, using a 
joystick controller to make menu selections. 
Once written, programs can be edited by line 
or character. Color graphics and unique 
measurement tools add to programming ease 
and flexibility. 

The View 1220 employs 256-level gray scale 
processing and new edge detection algorithms 


to accurately detect edges, despite variances in 
lighting or surface finish. A new ring light, 
called an articulated toroid, allows the user to 
automatically control the direction and inten- 
sity of peripheral light. The through-the-lens 
light source is equipped with an LCD Ronchi 
Grid that aids in focusing on reflective or trans- 
lucent parts. An exclusive retroreflective system 
eliminates the need for back lights. The sys- 
tem’s accuracy is improved by subpixeling capa- 
bilities that increase resolution up to ten times 
for dimensional measurement and alignment. 

For more information, contact: View Engi- 
neering, Inc., 1650 N. Voyager Ave., PO Box 
8101, Simi Valley, CA 93063, telephone (805) 
522-8439. Circle 113 



CB1 28- $39.00 

* Fiber optic control is optional and requires Controller 
Board. 


CONSTANT CURRENT 
STEP MOTOR DRIVE 


with 

fiber optic 
controi 


n*AMSIcoRR 

illliii BOX 651, SMITHTOWN, LI., N.Y. 11787 

TERMS Check Money Order. COD VISA or MasterCard 
Purchase Orders from Accredited institutions 


MOTOR DRIVE 7005-DB 

• ’/2 step, full step and wave drive. Selectable via on-board 
dipswitch or computer control. 

• Constant Current PWM Drive requires only one unregulated 
Motor Supply up to 40V max. 

• Logic Power Supply is included. 

• 255 Switch-Selectable output currents available (up to 
2A per phase continuous). 

• Enable/ Disable control via dipswitch or computer. 

• Each phase is separately fused. 

• LED indicators for power and Home position. 

• Optional fiber optic receiver on-board for control of 
stepping and direction. 

CONTROLLER BOARD CB 128 

• Plugs directly into C-128 or C-6A expansion port. 

• Simply plug into computer, connect fiber optic cable, 
enter program and run. 

• Full computer control of all functions(V 2 step, full step, wave 
drive, enable/disable, etc.) available in a ribbon cable 
connector. 

• 2 limit switch inputs, (optically isolated). 

• Extra bonus of a full 8 bit parallel port built into controller 
in addition to the above. 

• 10 feet of optical fiber with connectors included. (Extra 
lengths upon request). 

• Works directly from computer power supply. NO external 
supplies are necessary. 

• Ideal for use in high noise environments. No worries about 
current loops, grounding problems, noise, etc., when used 
with optical fiber. 

• Easy commands for control of step velocity, direction and 
total number of steps. Motor automatically stops when 
programmed number of steps have been taken, or when 
external limit switches are set. 

’Call for availability of interfaces compatible with other computers. 


Circle 60 


ROBOTICS ENGINEERING June 1986 33 




THE EDITORS OF SERSORS MAGAZINE 
AND THE COMPANIES BELOW 
INVITE YOU TO JOIN THEM 
IN THE FIRST NATIONAL 
CONFERENCE AND EXPOSITION 

DEvonD£xa«s/mrTO 

SENSOR AND TRANSDUCER nCHNOLOGY 


Aleph International ■ Amerace Corporation ■ Azonics Corp. ■ BLH 
Electronics ■ Bruel & Kjaer Instruments ■ Campbell Scientific Incorporated ■ 
Crystal Technology, Inc. ■ Druck Incorporated ■ Dynisco ■ Eaton Corporation 
Automation Products Div. ■ Eaton Corporation Cutler Hammer Products ■ 
Elmwood Sensors ■ Endevco Div., Becton, Dickinson & Company ■ Hottinger 
Baldwin Measurements ■ Hy-Cal Engineering Unit of General Signal ■ 
International Electro-Magnetics ■ Kaman Instrumentation ■ Kistler Instrument 
■ Massa Products Corporation ■ Migatron Corporation ■ Mikron Instruments 

■ Molytek, Inc. ■ Namco Controls ■ Motorola Semiconductor ■ Omron 
Electronics ■ Opcon Inc. ■ Optical Technologies Inc. ■ Paine Instruments ■ 
PCB Piezotronics, Inc. ■ Pennwalt Corporation ■ Physical Acoustics Corp. ■ 
Polaroid Corporation ■ Precise Sensors, Inc. ■ Pulsotronic Merten GmbH and 
Co., KG ■ Raytek, Inc. ■ Rechner Electronics Industries, Inc. ■ Saab Systems 

Inc. ■ Sangamo, Div. of Solartron Transducers ■ Scanivalve Corporation ■ 
Sencon Inc. ■ Sensing Devices Inc. ■ Sensor Developments, Inc. ■ Sensotec, Inc. 

■ Sensym, Inc. ■ Setra Systems Inc. ■ Sick Optik-Elektronik Inc. ■ Smith 
Research & Technology ■ Spectron Glass & Electronics ■ Sperry Sensing 

Systems ■ Thunder Scientific Corp. ■ Transamerica Delaval Inc./CEC 
Instruments Division ■ Tri-Tronics Inc. ■ Turck Multiprox, Inc. ■ Universal Flow 
Monitors ■ Validyne Engineering ■ Viatran Corporation ■ Vibro-Meter 
Corporation ■ Xolox Corporation ■ Yellow Springs Instrument Company Inc. 

■ Pepperl & Fuchs, Inc. ■ R.M. Young Company 

* Exhibitors as of January 1 0. 1 986 



O’ HARE EXPOSITION CENTER, CHICAGO 
SEPTEMBER 1 7 - 1 9, 1 986 


The response to SENSORS EXPO — the first 
conference and exposition devoted exclusivel y 
to sensor and transducer technology — has 
been enthusiastic on all counts. 

A Call for Papers in this magazine produced 
a deluge of submissions from industry experts 
—papers reflecting the ever-increasing role of 
sensors in reshaping manufacturing, processing, 
materials handling, research and development, 
quality assurance, and robotics. 

Inquiries for information on the program of 
professional education — currently being 
shaped by the editors of Sensors magazine 
— have been pouring in from design engineers, 
engineering and R&D managers, scientists, 
manufacturing and production executives, and 
corporate managers... 

...decision-makers from industries including; 
automotive, aerospace and aviation, agriculture, 
communications, computers, consumer 
electronics, defense, food processing, heavy 
industry, medical device and instrumentation, 
petrochemicals, pharmaceuticals, and more. 


This first-of-its-kind opportunity to reach the 
specifiers and buyers who are designing and 
developing products and systems with electronic 
sensing capability has also attracted many 
supplier companies, with many more to come. 

SENSORS EXPO offers three days of learning — 
at the conference program, in the exhibit hall, 
and in the many informal exchanges with your 
colleagues from all parts of the country. 

If you’d like more information about attendin g, 
circle the appropriate Reader Service Inquiry 
number below. The complete program will be 
sent to you as soon as it’s available. 

Or, if you’d like the opportunity to exhibit , face- 
to-face, to thousands of engineering, 
manufacturing, and production specifiers, 
circling the second Reader Service Inquiry 
number will get you a complete Exhibitor Package. 

For further information about SENSORS EXPO, 
contact Susan Reuter at 
Expocon Management Associates, Inc. 

3695 Post Road 
Southport, CT 06490 
(203) 259-5734 


For information on Attending. Circle 49 
For information on Exhibiting, Circle 50 







New 

Products 


Inspection Aid 

Finds Laser Scribe 

Lines on Hybrid Substrates 

new inspection aid determines the loca- 
tion of laser scribe lines on hybrid 
substrates. This add-on software package for 
the V20 Workstation features simple, menu 
driven instructions that require no computer 
experience. With the software, the vision system 
can be taught to recognize both horizontal and 
vertical laser scribe lines, and determine if they 
are properly located relative to the pattern or 
substrate edges. A step-and-repeat program is 
available as a standard feature that allows the 
single taught horizontal or vertical scribe line 
to be used for inspecting repetitive patterns. 

An operator need only identify the desired 
test or part number, place the substrate upon 
the x-y table, and activate the test. The V20 
Workstation vision system automatically in- 
spects for alignment, calculates any deviations 
from standard, and reports results on the moni- 
tor. Standard accuracy is 0.5 mils. A hard copy 
of the alignment can be made on a standard 



line printer. 

The complete test can be accomplished in 
seconds for most applications. Special program- 
ming can provide for automatic calculation of 
machine adjustment instructions that the oper- 
ator can implement for process control. The 
alignment data can be optionally sent to the 
laser scribing machine over a serial port. 

For more information, contact: Dennis E. 
Meyers, Vice President, Sales & Marketing, 
Photonic Automation, Inc., 3633 W. MacAr- 
thur Blvd., Santa Ana, CA 92704. telephone 
(714) 546-6651. Circle 114 


In-line Inspection System 
Looks for Flaws in Connectors 

new laser inspection system for electronic 
connectors looks for IDC gap, pin height, 
row-to-row spacing, true pin position, and miss- 
ing contacts. It has speeds of 500 to 1000 linear 
in./min., depending on line speeds and part 
configuration. 

Inspections are performed on both of the 
connector rows (top side and bottom), depend- 
ing on requirements. Static laser beams or scan 
lines are triangulated off the contacts/pins dur- 
ing the process. The reflected laser light is 
received by sensitive photodetectors; these sig- 
nals are digitized and processed by ASI’s stan- 
dard electronic circuitry. The processed infor- 
mation is compared to preset information for 
verification. 

Setup for a dedicated family of different-sized 
parts requires a simple track adjustment and 
re-entry of new part data information, and can 
be accomplished in 10 to 15 minutes. 

For more information, contact: Automation 
Systems, Inc., 1106 Federal Rd., Brookfield, 
CT 06804, telephone (203) 775-2581. Circle 115 




TWO Z8 BASED CONTROLLERS 

StiM Zl CMlniller 

Packed on a 3" x 6.75' PC 
board the SLIM Z8 Controller 
offers 40K jumper-selectable 
memories of any combination 
of CMOS RAMS, EPROMS, or 
EEPROMS. With Zilog Z8671 
CPU on board and one 8255 
chip the controller has 38 I/O 
programmable lines to inter- 
face with the outside world. The EEPROM can be easily programmed at 5V with 
TINY BASIC command. The RS232 port and on-board simple monitor make SZC 
an ideal development tool and a dedicated controller. $175 



TINY Z8 Controller wllh 8 Channel A/D Converter 

Tightly packed on a l.r x 6' PC board the Z8671 based controller offers a jumper- 
selectable 8K to 32K RAM, EPROM, and EEPROM combination of memories. In 
addition to 8 programmable I/O lines and a RS232 serial port the controller has 
8 channel A/D converter with a choice of 8 or 10 bit resolutions. Along with on- 
chip BASIC the product is ideal for dedicated control and data aquisition. Power 
requirement is 5 Volts only. 

Other common features for the two products include two counter/timer, 7 baud 
rates, and 6 interrupts. Forth supported. 

New 8052-based multi-featured controller for BASIC EPROM A/D converter! Ask 
for more information. 

Kustem Data Services, Inc. 

PO Box 734, Franklin Park, NJ 08823 201-297-5369 



Little $495 

Hish Performance, Low Cost PC-DOS Ensine 



• Three times the COMPUTING POWER of a K 

• Data and File Compatible with IBM PC, runs 
"MS-DOS seneric" programs 

• 8 MHz 80186 CPU, DMA, Counter/Timers, 

1 28/51 2K RAM,zero wait states, 

16-128K EPROM 

• Mini/Miao Floppy Controller (1-4 Drives, 
Single/Double Density, 1-2 sided, 

40/80 track) 

• 2 RS232C Serial Ports (50-38, 400 baud), 

1 Centronics Printer Port 

• Only 5.75 x 7.75 inches, mounts directly to 
a 5-1/4' disk drive 

• Power Requirement: +5VDC at 1.25A; 
+12VDC at .05A; On board -12V converter 


• SCSI/PLUS'" multi-master I/O expansion bus 

• Software Included: 

• K-OOS compatible ROM-BIOS boots 
DOS 2xand 3 jc 

• Hard Disk support 

• OPTIONS: 

• Expansion board with: 

• 128 or 51 2K additional RAM 

• 2 Sync/Async RS232/422 serial ports 

• Battery backed Real Time Oock 

• 8087 Math Co-Processor 

• Buffered I/O Bus 

• STD Bus Adapter 

• Utilities source code 

• TurboDOS / Networking 


IBMS, IBM corp.; 80186^ Intel, Corp.; 
Turt» DOS®, Software 2000, Inc 




COMPUTERS. INCORPORATED 

67 East Evelyn Ave.* Mountain View, 094041 . (415)962-0230. TELEX 4940302 
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RAB’s advanced 
five link kinematic 
I design is unique among 
all robots and they are all electrically driven with 
state-of-the-art controls. They have: 

1 . The largest usable work envelopes in the industry. 

2. Up to 220 pounds capacity at ftill extension and 
full speed. 

3. Precise repeatability anywhere in the work 
envelope at full load and full extension. 

4. Full counterbalance, even at full extension. This 
means better than a 25% energy savings over other 
robots due to the counterbalancing mechanical design. 

5. Outstanding quality backed by PRAB’s service and 
training commitment. 

For information on PRAB’s G-Series electric drive 
robots . . . other models of robots with capacities to 
2000 pounds . . . blue steel automation . . . chip 
handling conveyors and processing equipment . . . 
and many other products and services for your 
work cell or plantwide automation system . . . 

Call or write to: 


I JiTiH ROBOTS 


Under, on and over the factory floor automation 


P.O. BOX 2121 /KALAMAZOO, Ml 49003/(616) 329-0835 .... TELEX 224468 
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AutoNetics 


AutoNetics manufactures and 
distributes the Bosch line of 


gluing modules and a variety of 
adapter plates to provide exactly the 
• t* ry t ^ • movement orienta- 

announces a Spectrum of Solutions tions you require. 


for small parts handling 
and assembly. 


□ Fully programmable assembly 
stations with capabilities that match 

your needs. 

□ Reconfigurable assembly cells 
that can be reused even if your future 
involves radical product changeovers. 

□ Reliable assembly stations that 
work consistently through their long 

service lives and can be serviced 
quickly and economically with 
standardized replacement parts. 


pre-engineered 
handling and 

assembly modules. This proven 
equipment is fully progranunable, 
reconfigurable, reuseable, reliable 
and cost-effective. 

This Equipment is Available from 
AutoNetics in Tm 'Xays: 

□ As separate modules which your 
systems integrator can assemble into 
custom cells. 

□ As pre-engineered and pre- 
assembled custom cells ready for your 
systems integrator to link up and 
position along your transport line. 

Either way, your automated 
assembly cells are made up of 
interchangeable, programmable 
modules. The modules range from 
simple pneumatic or electric linear 
slides to Cartesian units and a family 
of SCARA robots. There are 
pick and place modules, _ > 

soldering, screwing and m 

A Spectrum of Solutions for Small Parts Assembly 


A full spectrum of 
automated handling and assembly 
products, all available off-the-shelf 
using a simple ten-digit ordering 
code. 

And because the modules are 
standardized manufactured items, 
they are highly reliable and service- 
able... a fact proven through years of 
use. 

AutoNetics provides expert 
application engineering services to 
support the selection, specification, 
custom configuration and assembly 
of this equipment 

For a closer look Attfft 
at our Spectrum 
of Solutions, write 
AutoNetics, 

RO. Box 373, 

St. Joseph, 

MI 49085. 






Pre-engineered, 
Pre-assembled 
Custom Cells 


Pneumatic 
Linear Slides 


Programmable 
Linear Modules 


Support 

Products 


Cartesian 

Robots 


SCARA 

Robots 
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